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(57) A control apparatus calculates a exhaust gas 
air-fuel ratio of a plurality of cylinders, in which the op- 
eration angle of an intake valve (2) is set to a predeter- 
mined operation angle, e.g., a maximum operation an- 
gle, based on a value output from an air-fuel ratio sensor 
so as to minimize a variation in an fuel injection quantity 
between the plurality of cylinders by that exhaust gas 
air-fuel ratio. That is, the exhaust gas air-fuel ratio of the 
plurality of cylinders, in which the valve opening char- 
acteristics of the Intake valve (2) and an exhaust valve 
(3) are set such that the intake air amount to be intro- 
duced into the plurality of cylinders is limited by the 
opening amount of a throttle valve (56), for example, and 
not limited by the valve opening characteristics of the 
intake vah^e (2) or the exhaust valve (3) is calculated, 
and the variation in the fuel injection quantity among the 
plurality of cylinders is then reduced by that exhaust gas 
air-fuel ratio. Then, the variation in valve opening char- 
acteristics among the cylinders is reduced. 
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Description 

BACKGROUND OF THE INVEiMTION 
5 1 . Field of Invention 

[0001] The Invention relates generally to control apparatus and nrtethods for a multi-cylinder Internal combustion 
engine. 

10 2. Description of Related Art 

[0002] Conventionally, a control apparatus for a multi-cylinder intemal combustion engine, which reduces variation 
In the air-fuel ratio between cylinders is known. An example of this type of control apparatus is disclosed in Japanese 
Patent Application Laid-Open Publication No. 6-213044. The control apparatus disclosed in this publication calculates 

15 the air-fuel ratio of each of a plurality of cylinders based on a value output from an air-fuel sensor. Any variation in the 
air-fuel ratios between the cylinders is then minimized by controlling the valve lift amount of each of the cylinders. 
[0003] Variation In the fuel injection quantity between cylinders, however, may lead to a variation in torque between 
the cylinders, which may result in pulsation. With the control apparatus disclosed in the above-mentioned publication, 
it is possible that, even If a variation in air-fuel ratio between the cylinders is minimized, a variation in torque may still 

20 occur between the cylinders. 

[0004] Further in the control apparatus disclosed in the foregoing publication, although variation in the air-fuel ratio 
between the cylinders is minimized by controlling the valve lift amount, the publication discloses nothing about how to 
control the variation in air-fuel ratio between the cylinders in the event that the amount of valve overiap of the intake 
valve and the exhaust valve can be changed. Moreover, the publication discloses nothing about how to control the 

25 variation In the air-fuel ratio between the cylinders in the event that the operation angle of the intake valve can be 
changed. Therefore, variation in the air-fuel ratio between the cylinders with this control apparatus is not able to be 
appropriately controlled both In the case where the amount of the valve overiap of the Intake valve and the exhaust 
valve is able to be changed, and in the case where the operation angle of the intake valve is able to be changed. 

30 SUMMARY OF THE INVENTION 

[0005] In view of the foregoing problems, It is one object of the Invention to provide a control apparatus for a multi- 
cylinder internal combustion engine, which is capable of minimizing both a variation In the air-fuel ratio between the 
cylinders as well as a variation in torque between the cylinders. 

35 [0006] It is a further object of the invention to provide a control apparatus for a multi-cylinder intemal combustion 
engine, whk:h is capable of appropriately controlling the variation in the air-fuel ratio between the cylinders. More 
specifically, It is an object of the Invention to provide a control apparatus for a multi-cylinder intemal combustion engine, 
which is capable of appropriately controlling the variation in air-fuel ratio between the cylinders both when the amount 
of valve overiap of the intake valve and the exhaust valve can be changed, as well as when the operation angle of the 

40 intake valve can be changed. 

[0007] A still further object of the invention is to provide a control apparatus for a multi-cylinder internal combustion 
engine in which a target air-fuel ratio value is able to be changed to a more appropriate value based on the operation 
angle of the Intake valve than when the target air-fuel ratio is not corected based on the operation angle of the intake 
valve. That is, it is an object of the invention is to provide a control apparatus for a multi-cylinder internal combustion 

45 engine, which is capable of executing appropriate air-fuel ratio feedback control even when a sensor is not sufficiently 
exposed to an exhaust gas, i.e., even when a target air-fuel ratio calculated from a value output by a sensor is not an 
appropriate target air-fuel ratk). 

[0008] According to one aspect of the invention, a control apparatus for a multi-cylinder intemal combustion engine 
including a plurality of cylinders is provided with a controller that calculates an exhaust gas air-fuel ratio of a cylinder 
50 when valve opening characteristics of an intake valve and an exhaust valve of each of the cylinders of the intemal 
combustion engine are set such that an amount of an intake air introduced into the cylinder is not limited by the vah^e 
opening characteristics; and reduces a variation in a fuel injection quantity among the cylinders on the basis of the 
calculated exhaust gas air-fuel ratio of each of the cylinders. 

[0009] In the control apparatus, the controller calculates the exhaust gas air-fuel ratio of each of the cylinders when 
55 the valve opening characteristics of ttie Intake vah/e and the exhaust valve of the cylinder are set such that the amount 
of the intake air introduced into each of the cylinders of the intemal combustion engine Is limited by a throttle valve 
opening amount amount. 

[0010] In the control apparatus, when the valve opening characteristics of the intake vahre and the exhaust valve of 
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the cylinder are set so as not to limit the quantity of air introduced Into the cylinder, the exhaust gas air-fuel ratio of the 
cylinder is calculated. Preferably, when the valve opening characteristics of the intake valve and the exhaust valve of 
the cylinder are set such that the quantity of air introduced into the cylinder is limited by the throttle valve opening 
amount and not limited by the valve opening characteristics, the exhaust gas air-fuel ratio of the cylinder is calculated. 

5 In order to calculate an exhaust gas air-fuel ratio of each of the cylinders, the valve opening characteristics of the intake 
valve and the exhaust valve of the cylinder are set such that quantity of the intake air Introduced into the cylinder is 
limited by the throttle vah/e opening amount and not limited by the vah/e opening characteristics of the Intake and 
exhaust valves of the cylinder. In other words, the throttle valve opening amount of one cylinder upon calculation of 
the exhaust gas air-fuel ratio of the cylinder Is made substantially equivalent to that of an oth er cylinder upon calculation 

10 of the exhaust gas air-fuel ratio of the other cylinder so as to make the quantity of the intake air introduced into the one 
cylinder upon cateulation of the exhaust gas air-fuel ratio of the one cylinder equivalent to that of the other cylinder. 
Further in the Invention, the amount of the intake air introduced into one cylinder upon calculation of the exhaust gas 
air-fuel ratio of the cylinder is made equivalent to that of the exhaust gas air fuel ratio of the other cylinder so as to 
obtain the exhaust gas air-fuel ratio of the cylinder. As a result, a variation in the fuel injection amount among the 

IS cylinders can be reduced on the basis of the exhaust gas air-fuel ratio. Accordingly, each amount of the intake air 
introduced into each of the cylinders is made equivalent, and then the respective fuel injection quantity is corrected so 
as to make each exhaust gas air-fuel ratio of the cylinders equivalent. Unlike tihe control apparatus disclosed in Jap- 
anese Patent Application Laid-Open Publication No. 6-213044, the variation in the air-fuel ratio among the cylinders 
is reduced while controlling a variation in torque among the cylinders when there is variation in the fuel injection quantity 

20 among the cylinders, thus preventing pulsation. That is, the control apparatus of this aspect of the inventk>n reduces 
a variation in the air-fuel ratio among the cylinders as well as a variation in torque among the cylinders. 
[0011] According to another aspect of the invention, a control apparatus for a multi-cylinder internal combustion 
engine including a plurality of cylinders is provided with a controller that calculates an exhaust gas air-fuel ratio of each 
of the cylinders when an operation angle of an intake valve of each of the cylinders of the internal combustion engine 

25 Is set to a predetemnlned angle, and reduces a variation in a fuel injection quantity among the cylinders on the basis 
of the calculated exhaust gas air-fuel ratio of each of the cylinders. 

[001 2] In the control apparatus, the controller calculates the exhaust gas air-fuel ratio of each of the cylinders when 
the operation angle of the intake valve is set such that an amount of intake air introduced into a cylinder of the Internal 
combustion engine is not limited by the operation angle of the intake valve. 
30 [0013] In the control apparatus, the controller calculates an exhaust gas air-fuel ratio of each of the cylinders when 
the amount of the intake air Introduced into each of the cylinders of the internal combustion engine is not limited by 
the operation angle of the intake valve, but is limited by a throttle valve opening amount. 

[001 4] In the control apparatus, the controller calculates the exhaust gas air-fuel ratio of each of the cylinders when 
the operation angle of the intake valve is set to a maximum operating angle. 

35 [0015] In the control apparatus according to another aspect of the invention, when the operation angle of the intake 
valve of a cylinder is set to a predetennined angle, the exhaust gas air-fuel ratio of the cylinder is calculated. More 
specifically, In the control apparatus, the operation angle of the Intake valve is set so as not to limit the amount of intake 
air introduced into the cylinder, and then the exhaust gas air-fuel ratio of that cylinder is calculated. Preferably in the 
control apparatus, the operation angle of the intake valve Is set such that the amount of the intake air introduced into 

40 a cylinder is limited by a throttle valve opening amount, and is not limited by the operation angle of the intake valve, 
and the exhaust gas air-fuel ratio of the cylinder is calculated. More preferably, the operation angle of the intake valve 
of a cylinder is set to a maximum angle, and the exhaust gas air-fuel ratio of that cylinder is cateulated. That is, the 
amount of the intake air introduced into the cylinder is limited by the throttle valve opening amount, and is not limited 
by the operation angle of the intake valve set to a maximum angle in order to calculate the exhaust gas air-fuel ratio 

45 of that cylinder. More specifically, the amount of the intake air Introduced into one cylinder upon calculation of the 
exhaust gas air-fuel ratio of that cylinder can be made equivalent to that of an other cylinder by making the throttle 
vah^e opening amount obtained upon calculatk>n of the exhaust gas air-fuel ratio of the one cylinder substantially 
equivalent to that of the other cylinder. 

[0016] In the control apparatus, the amount of the intake air introduced into one cylinder upon calculation of the 
50 exhaust gas air-fuel ratio of that cylinder is made equivalent to that of the other cylinder such that a variation in the 
fuel injection quantity can be minimized on the basis of the calculated exhaust gas air-fuel ratio. Accordingly, the amount 
of the intake air Introduced to each of the cylinders is made equivalent and the fuel injection quantity is corrected so 
as to make the exhaust gas air-fuel ratio of each of the cylinders equivalent Unlike the control apparatus disclosed in 
Japanese Patent Applk^ation Laid-Open Publication No. 6-213044, the variation in the air-fuel ratio among the cylinders 
55 can be reduced while controlling a variation in the torque among the cylinders in the presence of the variation in the 
fuel injection quantity among the cylinders, thus preventing pulsation. Accordingly, the variation both in the air-fuel ratio 
and in the torque among the cylinders can be reduced. 

[0017] According to another aspect of the invention, a control apparatus for a multi-cylinder intemal combustion 
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engine is provided with a controller that calculates an exhaust gas air-fuel ratio of each of the cylinders when a valve 
overlap amount of an Intake valve and an exhaust valve of each of the cylinders of the internal combustion engine Is 
set to a predetermined amount, and reduces a variation in a fuel injection quantity among the plurality of cylinders on 
the basis of the calculated exhaust gas air<fuel ratio of each of the cylinders. 
5 [001 8] In the control apparatus, the controller calculates the exhaust gas air-fuel ratio of each of the cylinders when 
the valve overlap amount of the intake valve and the exhaust valve Is set such that an amount of the intake air Introduced 
into the cylinders is not limited by the valve overlap amount. 

[0019] In the control apparatus, the controller calculates the exhaust gas air-fuel ratio of each of the cylinders when 
the valve overlap amount of the intake valve and the exhaust valve is set such that the amount of the intake air introduced 

10 into the cylinders is not limited by the valve overlap amount, but is limited by a throttle valve opening amount. 

[0020] In the control apparatus, the controller calculates the exhaust gas air-fuel ratio of each of the cylinders when 
the valve overlap amount of the intake valve and the exhaust valve is set to a minimum amount. 
[0021] In the control apparatus according to another aspect of the invention, an exhaust gas air-fuel ratio of each of 
the cylinders is calculated in which a valve overlap amount of the intake valve and the exhaust valve is set to a pre- 

is detennined amount. More specifbally, the control apparatus calculates the exhaust gas air-fuel ratio of each of the 
cylinders in whk^h the overlap amount of the intake valve and the exhaust valve is set so as not to limit the quantity of 
air introduced into the cylinders. Preferably, the control apparatus calculates the exhaust gas air-fuel ratio of each of 
the cylinders in which the valve overlap amount of the intake valve and the exhaust valve is set such that the intake 
air amount introduced into the cylinders is limited by the throttle valve opening amount, and is not limited by the valve 

20 overlap amount of the intake valve and the exhaust valve. Most preferably, the control apparatus calculates the exhaust 
gas air-fuel ratio of each of the cylinders in which the valve overlap amount of the intake valve and the exhaust valve 
Is set to a minimum valve overlap amount. That is, the control apparatus calculates the exhaust gas air-fuel ratio of a 
certain cylinder, when the valve overlap amount of the intake valve and the exhaust valve is set to the minimum amount 
so that the intake air amount introduced into that cylinder is limited by the throttle valve opening amount, and is not 

25 limited by the valve overlap amount. In other words, the intake air amount into a cylinder upon calculation of the exhaust 
gas air-fuel ratio of the cylinder is made equivalent to that of the other cylinder by making the throttle valve opening 
amount upon cateulation of the exhaust gas air-fuel ratio of a cylinder substantially equivalent to that of the other 
cylinder. In the control apparatus, the variation in the fuel injection quantity among cylinders can be reduced by making 
the intake air amount into a cylinder upon calculation of the exhaust gas air-fuel ratio of the cylinder equivalent to that 

30 of the other cylinder. In other words, the intake air amount of all cylinders is made equivalent and the fuel injection 
quantity is corrected so as to make all the exhaust gas air-fuel ratios of the cylinders equivalent. Unlike Japanese 
Patent Applicatk>n Laid-Open Publication No. 6-213044, the variation in the air-fuel ratio among the cylinders can be 
reduced while reducing the variation in the torque among the cylinders in the presence of the variation in the fuel 
injection quantity among the cylinders, thus preventing pulsation. More specifically, the control apparatus is capable 

35 of minimizing the variation both in the air-fuel ratio and the torque among the cylinders. 

[0022] In the control apparatus according to another aspect of the invention, the controller calculates an exhaust gas 
air-fuel ratio of each of the cylinders when the valve opening characteristics of the intake vahfe and the exhaust valve 
are set such that the amount of the intake air introduced into the cylinder is limited by the valve opening characteristics 
after reducing the variation in the fuel injection quantity among the plurality of cylinders; and reduces a variation in the 

40 valve opening characteristics of the intake valve and the exhaust valve among the plurality of cylinders on the basis 
of the calculated exhaust gas air-fuel ratio of the cylinders. 

[0023] In the control apparatus, the controller calculates the exhaust gas air-fuel ratio of each of the cylinders when 
the valve opening characteristics of the intake valve and the exhaust valve are set such that the amount of the intake 
air introduced into the cylinders is not limited by a throttle valve opening amount, but is limited by the valve opening 
45 characteristic of the intake valve and the exhaust vah^ after reducing the variation in the fuel injection quantity among 
the cylinders. 

[0024] The control apparatus according to another aspect of the invention cabulates, after reducing the variation in 
the fuel injection quantity among the cylinders, the exhaust gas air-fuel ratio of a cylinder in which the valve opening 
characteristics of the intake valve and the exhaust valve are set so as to limit the intake air amount introduced into the 

50 cylinder, and then reduces the variation in the valve opening characteristics of the intake valve and the exhaust valve 
among the cylinders based on the set exhaust gas air-fuel ratio. More preferably, the control apparatus calculates, 
after reducing the variation in the fuel injection quantity among the cylinders, the exhaust gas air-fuel ratio of the cylinder 
in whk^h the valve opening characteristics of the intake valve and the exhaust valve are set such that the intake air 
amount introduced into the cylinder Is limited by the valve opening characteristk:s of the intake valve or exhaust valve, 

55 and is not limited by the throttle valve opening amount, and then reduces the variation in the valve opening character- 
istics of the intake valve and the exhaust val^e among the cylinders based on the cabulated exhaust gas air-fuel ratio. 
That is, after reducing the variatk>n In the fuel injection quantity among the cylinders, the control apparatus changes 
the valve opening characteristics of the intake vah/e and the exhaust valve of each cylinder so that the exhaust gas 
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on the basis of the changed operation angle and the '^'^ f^^^l^^!*""^^^^^^^^^ changes relallve to the operation 

Lrotrir::e-Sirrr=n^^^^ 

;Sir—. apparatus as descHbedabo^^^^^^^^ 
LecUn9thefueliniec«onquantrtyontheba.sof^^^^^^^^^ 

fuel ratio of one cylinder varies on the rich side, the fuel '2^'°" ^"f "7 angleof the Intake valve 
toreduce the variation intheair4uel ratio amon9thecjrt.nders. Also t^ 

becomes, the greater the variation in the air-fuel «|» ^^^^^ ™^ '^^^^^^^ ,he cySnders can be 
deviates from the target operation angle. In v.ew of th.s^ he ,7era,ln angle of the intake 
reduced by executing correction, for example. *f "^^""J"^^^^^ to be controlled more appro- 
valve becomes smaller. This allows the variation '"/^^^ ^^"^^^^^^^^^^^ of the intake valve. 

priately than when the fuel iniection quantrty .s no^^ '^^'^^^^^^ .^^^^^^ tf,e control apparatus cateulates 
LrespecificalV,v*enavariation in the air-fuel ratioamong the ^Im^^^^^ 

a fuel injection quanta ---^'^^ "pon ^k^ulatlon 

thecalculatedfuel injection •'"^ ''"""^ed. the 

of the fuel injectton quantity correction ^J^" "J^^^^^^^ on the basis of the changed operatton 

control apparatus then updates the fuel .njectionquantitycorT^^^^^^ 

angleofthe intake valve andthe calculated relationship. Ther«nsN^^^ 
cokient and the operation angle of the intake vah,e can be repr^^^ 

rrrnrb::^=rp^«- 

irtrrn is smaller than a number of the cylindeis of the interna^^^^^ 
100431 lnthecontrolapparatus.thecoeffteiemforthea.^u^^^^^^^^^ 

coefffcient such that a target air-fuel ratio « increased "P^*^"" ^^^^ internal combustion 

[0044] According to another aspect of the invention a J^P^.'^^^J^^^^^^^^ ratio on the basis of 

Une including a pluralfty of cylinders P-^f^J,-^.^^^^^^ ^ numir iSsors provided in the Internal 

SSsTi^—l^p^^^^^ 

fueJtk, is increased as the operatton angle of the inmke v^^^^^^^^ 
[0046] Accordlngtoanotheraspectoftheinvent|on.theconuo^^^^^^^ 

!n the air-fue. ra«o among the <^'-«'- ZZl operation angle of the 
operation angle of the intake vah,e on the basis of *e cateula M raigei a 

intake valve obtained upon detection of the vanaton ^ -'"f^^ intake valve and the 

operatton angle of the intake valve is changed on ''^^^^^ .'^'/f^^^^^^^ valve of the cylinder. 
<ilculated retetionship between the target air-fuel muo and the^^^^ 

[0047] Thecontrolapparatusoftheinventioncorrertsapredetejnin^^^ ^^^^^ 

Ltrol on the basis of the operation angle of that the overall 

target air-fuel ratio on the basis of the °P«^«°VSh ° *?e "^^^^^^^ no be^se appropriately due to the fact 

rrei^^n^irnre^^ror^^^^^^^ 
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vidually correcting the fuelN^^^^^^^^ 
variation in torque. 

BRIEF DESCRIPTiON OF THE DRAWINGS 

[0050] The invention will be described in conjunction with the following drawings, in which like reference numerals 
refer to similar elements, and wherein: 

Fig 1 is a schematic blocic diagram of a control apparatus for an internal combustion engine according to an 

^TgirattC^^^^^^ 

ptT^a'San View of an IntaRe system and the like of the control apparatus for an internal combustion engine 

Fta 4Ta?et2ied view of a cam and cam shaft for the intake valve shown in Fig. 1 ; 
Has is a detailed view of the apparatus and the like for changing a valve lift amount; 

RglL^SshSthechaTgeinthevalveimamountofthe intake 
ngT^lTe^o^^^^^^^ 

Fl^Tfe"a?raih showing the shift in the opening and closing timing of the intake valve following operation of the 

s?Tra'SLr;;i^r:r^^ 

ITTS'i^^^^^'S^Z^ method for learning fue, injection .uantfty variation according to the firs, and 
r™"Sh?^^^^ 

sT.rf.:nrowr"" 
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and second embodiments, as well as modifications thereof; 

Fig. 14 Is a flow chart showing a method for learning fuel injection quantity variation according to a fourth embod- 
iment through a sixth embodiment, as well as modifications thereof; 

Fig. 15 Is a flow chart showing a method for learning valve overlap amount variation according to the sixth em- 
5 bodlment, as well as a modification thereof; 

Fig. 16 is a flow chart showing a method for learning valve overiap amount variation according to the fourth and 
fifth embodiments, as well as modifications thereof, 

Fig. 17 is a schematic block diagram of a control apparatus for an internal combustion engine according to a 
seventh embodiment; 

10 Fig. 18 is a flow chart showing a method for controlling so as to minimize variation between cylinders according 

to an eighth embodiment; 

Fig. 1 9 is a graph showing a relationship between the fuel injection quantity correction coefficient and the operation 
angle of an intake valve; 

Fig. 20 is a flow chart showing a method for controlling so as to con^ect the target air-fuel ratio according to a ninth 
15 embodiment; 

Fig. 21 is a graph showing a relationship between the target air-fuel ratio and the operation angle of an intake 
valve; and 

Fig. 22 is a flow chart showing a method for controlling so as to minimize variation between cylinders according 
to a tenth embodiment. 

20 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0051] Hereinafter embodiments of the invention will be described with reference to the attached drawings. 
[0052] Figs. 1 through 3, which illustrate an embodiment of the invention for controlling a first type of an internal 

25 combustion engine 1 , show an intake valve 2, an exhaust valve 3, a cam 4 for opening and closing the intake valve 2, 
a cam 5 for opening and closing the exhaust valve 3, a cam shaft 6 which supports the cam 4, and a cam shaft 7 which 
supports the cam 5. As shown in Fig. 4, the cam profile of the cam 4 according to this exemplary embodiment is modified 
in the direction along the central axis of the cam shaft, i.e., the left end of the nose of the first cam 4 in the figure is 
higher than the right end thereof. This feature may be utilized to change the valve lift amount of the intake valve 2 

30 depending on the contact between the valve lifter and one end of the cam 4. That is, when the valve lifter contacts the 
right end of the cam 4, the valve lift amount will become smaller than the valve lift amount obtained when the valve 
lifter contacts the left end of the cam 4. 

[0053] Figs. 1 through 3 also show a combustion chamber 8 fonned in a cylinder and a valve lift amount changing 
device 9 for shifting the cam 4 in the direction along the central axis of the cam shaft with respect to the intake valve 

35 2 to change the valve lift amount. That is, operating the valve lift amount changing device 9 brings the left or right end 
(in Fig. 4) of the cam 4 into contact with the valve lifter selectively. Changing the valve lift amount of the intake valve 
2 by the vahre lift amount changing device 9 consequentially changes the open area of the intake vah^e 2. The Intake 
valve 2 according to this exemplary embodiment is stmctured such that the open area of the intake valve 2 increases 
as the valve lift amount increases. Figs. 1 through 3 also show a driver 10 for driving the valve lift amount changing 

40 device 9 and an opening/closing timing shift device 11 for shifting the opening/closing timing of the intake valve 2 
regardless of a change in the open period thereof. That is, operation of the opening/closing timing shift device 11 
enables the opening/closing timing of the intake valve 2 to be shifted to the advance side or the retard side. The figures 
also show an oil control valve 12 for controlling an oil pressure for operating the opening/closing timing shift device 11 . 
Both the valve lift amount changing device 9 and the opening/closing timing shift device 11 are included in the variable 

45 valve train in this exemplary embodiment. 

[0054] Figs. 1 through 3 also show a crank shaft 13, an oil pan 14, a fuel injection valve 15, a first sensor 16 for 
detecting both a valve lift amount and an opening/dosing timing shift amount of the intake valve 2, a second sensor 
1 7 for detecting an engine speed, an intake pipe pressure sensor 1 8 for detecting a pressure within an intake pipe that 
supplies intake air to the cylinder, an airflow meter 1 9, a coolant temperature sensor 20 for detecting a temperature of 

so a coolant in the internal combustion engine 1 , an intake air temperature sensor 21 for detecting a temperature within 
the intake pipe for intake air to be supplied to the cylinder, an ECU (electronic control unit) 22, a cylinder 50, intake 
pipes 51 and 52. a surge tank 53, an exhaust pipe 54, a sparic plug 55, a throttle valve 56, the opening amount of whk:h 
changes regardless of the accelerator pedal operation amount, and an air-fuel ratio sensor 57 for detecting an exhaust 
gas air-fuel ratio. 

55 [0055] Fig. 5 shows a magnetic body 30 connected to the cam shaft 6, a coil 31 for urging the magnetic body 30 to 
the left, and a compression spring 32 for urging the magnetic body 30 to the right. As the amount of current passing 
through the coil 31 Increases, the amount by whtoh the cam 4 and the cam shaft 6 shift to the left increases and the 
vah^e lift amount of the intake valve 2 decreases. 
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[0056] As shown in Fig. 6, the valve lift amount of the intake valve 2 increases as the amount of cunrent passing 
through the coil 31 decreases (solid line -> broken line -> chain line). Further in this exemplary embodiment, the closed 
period of the Intake valve 2 also changes as the valve lift amount changing devce 9 Is operated. That Is, the operation 
angle of the intake valve 2 also changes. More speclfk^lly, the operation angle of the Intake valve 2 increases as the 

5 valve lift amount of the intake vah/e 2 Increases (solid line -> broken line -> chain line). Moreover in this embodiment, 
the timing at whtoh the valve lift amount of the intake valve 2 is at Its peak also changes as the valve lift amount changing 
device 9 is operated. More specifically, the timing at whk:h the valve lift amount of the Intake vah^e 2 is at its peak is 
retarded as the valve lift amount of the intake valve 2 increases (solid line -> broken line chain line). 
[0057] Fig. 7 shows an advance side oil passage 40 for shifting the opening/closing timing of the Intake valve 2 to 
. 10 the advance side, a retard side oil passage 41 for shifting the opening/closing timing of the intake valve 2 to the retard 
side, and an oil pump 42. The opening/closing timing of the intake valve 2 shifts to the advance side as the oil pressure 
within the advance side oil passage 40 increases. That is, the rotation phase of the cam shaft 6 Is advanced with 
respect to the crank shaft 13. Conversely, the opening/closing timing of the Intake valve 2 shifts to the retard side as 
the oil pressure within the retard side oil passage 41 increases. That is, the rotation phase of the cam shaft 6 is retarded 

IS with respect to the crank shaft 1 3. 

[0058] As shown in Fig. 8, the opening/closing timing of the intake valve 2 shifts to the advance side as the oil 
pressure within the advance side oil passage 40 increases (solid line -> broken line -> chain line). At this time, the 
open period of the intake valve 2 does not change, i.e., the length of the period during whk:h the intake valve 2 is open 
does not change. 

20 [0059] In Fig. 9, reference numerals that are the same as those in Figs. 1 through 8 represent the same or like parts 
as those shown in Figs. 1 through 8. In this embodiment for controlling a second type of internal combustion engine, 
the cam for driving the exhaust valve has generally the same configuration as the cam 4 shown In Fig. 4. Fig. 9 also 
shows a valve lift amount changing device 9' for shifting the cam for driving the exhaust vah^e in the direction along 
the central axis of the cam shaft with respect to the exhaust valve 3 to change the valve lift amount of the exhaust 

25 valve 3. This valve lift amount changing devtee 9' has general ly the same configuration as the valve lift amount changing 
device 9. Rg. 9 also shows an opening/closing timing shift devk:e 11' for shifting the opening/closing timing of the 
exhaust vahfe 3 regardless of the open period of the exhaust valve 3. This opening/closing timing shift device 11' has 
generally the same configuration as the opening/closing timing shift device 11 , 

[0060] In Fig. 10, which Illustrates an embodiment for controlling a third type of intemal combustion engine 2, refer- 
30 ence numerals that are the same as those in Figs. 1 through 8 represent the same or like parts as those shown In Figs. 

1 through 8. Fig. 10 also shows an intake valve driving device 58 which is capable of driving individual intake vah^es 

2 (refer to Fig. 3) independently, e.g., an elec^omagnetic driving type intake valve driving device, and an exhaust valve 
driving device 58' which is capable of driving individual exhaust valves 3 (refer to Fig. 3) independently, e.g., an elec- 
tromagnetic driving type exhaust valve driving device. 

35 [0061 ] In modifications of the foregoing exemplary embodiments, the throttle valve 56 may be eliminated. 

[0062] I n the foregoing exemplary embodiments and modifications thereof, when the air-fuel ratio of a cylinder among 
a plurality of cylinders Nos. 1 through 4, is calculated based on a value output from the air-fuel ratio sensor 57 and the 
valve lift amount of the intake valve 2 and/or exhaust valve 3 of each cylinder Is controlled, a variation In the air-fuel 
ratio between cylinders Is able to be reduced. If variation In the fuel injection quantity exists between cylinders, however, 

40 even If the variation In the air-fuel ratio between cylinders Is reduced, a variation In torque between cylinders Is gen- 
erated, resulting in a pulsation (torque variation). Therefore, according to the first and second exemplary embodiments 
and modifications thereof, control such as that to be described later is perfomned to both reduce variation In the air- 
fuel ratio between cylinders and reduce variation in the torque between cylinders. 

[0063] A routine according to a method for learning fuel Injection quantity variation according to the foregoing em- 
45 bodiments and modification thereof as shown in Fig. 1 1 is perfomned at predetemnined Intervals. As shown in the figure, 
when this routine starts, it is determined in Step 1 00 whether the operation angle of the intake valve 2 is at its maximum, 
as illustrated by the chain line in Fig. 6, for example. When the above detennination is "NO", i.e., when the operation 
angle of the Intake valve 2 is relatively small, such that the open area of the Intake valve 2 is relatively small, the intake 
air amount to be introduced Into the cylinder 50 is determined based on the open area of the intake valve 2. In the 
50 event that variation in the operation angle of the Intake valve 2 among cylinders exists temporarily, the intake air amount 
varies among cylinders and it Is determined that learning variation in the fuel injection quantity is not possible and the 
routine ends. Meanwhile, when the detennination in Step 100 is "YES", then the intake air amount to be introduced 
Into the cylinder 50 Is determined based on the opening amount of the throttle valve 56 or the cross-sectional area of 
the portion of the Intake pipes 51 and 52 having the smallest internal circumference. Even if variation in the operation 
55 angle of the intake valve 2 exists among cylinders, it is detemnined that the intake air amount does not vary among 
cylinders, and the process proceeds to Step 101 . 

[0064] In Step 1 01 , It is detemnined whether it is time to calculate the exhaust gas air-fuel ratio of the specified cylinder 
No. N among a plurality of cylinders Nos. 1 through 4. When the determination is "NO", the routine ends. When the 
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^.oHc to SteD 102 In Step 102. the exhaust gas air-fuel ratio of the cylinder 
determination is "YES", the process P^^^,^"j^^^^ aWuel ratio thereof is calculated. This mean a.r- ue 

injection quantity among the cylinders. H«t»m,ined in Steo 1 00 that the operation angle of the intake valve 2 

lieei m the aforementioned '^^Z^r^^ ^^^^^ '^''"'^'^ ^'V^^- 

s set to the maximum operation angle, the exhaust ^ . ^^ that the intake air 

That is. When ft Is determined in Step 1 "O^^^^^^^Xte^rtS^^^^^^ valve 2. the exhaust gas air^uel 

amount introduced into the cylinder « n^ lmarted ^^P^ f^^^^^^ detemiinedin step 100 thatthe operation 
ratioof thatcylinder isthencalculated»|Ste^^^^^^^^^ .^^^ ,,rted by the opening 

angle of the intake valve 2 is set such ang,e of the irrtake valve 2, the exhaust gas a.r-fuel 

amount of the throttle valve 56. and not limrted by J«;P^;««°"^7^^ air-fue. ratio of a cylinder to be 

ratk, of that cylinder is calculated in ^t^P l^^- " ,3 ^ step which Is not shown, such that the 
calculated in Step 102, the «*«^««°",«"?: °* amouniof the throttle valve 56. and not 

intake air amount introduced into that ^ '^'""I^f ^"^3 "^^i^g^e opening amount of the throttle valve 56 
limited by the operation angle of the intake valve 2. ^Jat s »y maK g ^ ^^^^^^ ^^^^ 

exhaust gas air-fuel ratios thereof are ^^^^^^j,^^ jtisdetemiined in Step 100 that the intake air amount 

[00671 Further, according to the foregoingembodinnerts. when. ^^^^^^ ^ ^^^^ ^ be 

o be ntroduced into the cylinder No. 1 upon '^^'^^'^^'^^^^^ gas air-fuel rattos. variation in the 

introduced into the other cylinders Nos^2through^4u^^^ ^^J^ ^h^t is. after 

fuel injection quantity among the cylinders « "^^r^T^ la^e the fuel Injection quantity is corrected such that the 
ma^ng the intake air amount in all of ^^^^ ^.VrC^^^'kU it p Jbte to reduce both the variation In 

[0068] in other words, according to ^^'^J^^^^.J'j^^.'^J^.'L^^^^^ be introdTced into the cylinder is limfted 
characteristics of the intake valve 2 are set ^"/^^^^.^"Jf^^^^^^ opening characteristtes of the intake valve 

by the opening amount of the throttle valve 56. ^^^^^^^ , 02 That is. for the exhaust gas air-fuel ratio 

2>he exhaust gas air-fuel ratio of that cylinder 

olac^lndertobec^ouia^^^^^^ 

is not shown, such that the intake air arnoum lu pharacteristics of the intake valve 2. 

throttle valve 56. and IS not limited by the vahreope^^^^^^^ 

[0069] Also according to modifications of the a^^^®"",^";""^/™"" j^take valve 2 is set to the maximum operation 
Sd^ When it is detem^ined in Step 1 °° *f '^^PJ^^^^^^ is. when it is detem,ined in Step 

angle, the exhaust gas air-fuel ratio of that cylinder ^ ?«^^^f J/J^^^^ the intake air amount to be introduced into 
10? that the operatton angle of the intake ^^^^ .^js s^^^^^^^ 3p^„fcally. when it is 

4S the cylinder, the exhaust gas air-fuel ra^o of J^^^^^ is set such that the intake air amount to be 

detemiined in Step 1 00 that the operabon «"9'« '"^J^^^a p^rt^^^ and 52 having the 

introduced into the cylinder is limited by «;« ^^^J^^:"/'^^^^^^^ intake valve 2. the exhaust gas air-fuel 

smallest internal circumference Jthe exhaust gas air-fuel ratio of a cylinder to be 

re:rsrrar2raSrs:rr^^^ 

intake valve 2. ^ ^ ^riw^n mnriifications when it is determined in Step 100 that the 

[0070] in other words, according to the above-descnb^ 3^,^ ^ the 1*''" air amount to be introduced into the 
55 tah^e opening characterfettes of the intake ^alve 2 are set such *^ " having the smallest internal 

cylinder is limited by the cross-sectiona area ''\^^;^2^J^Z'^^e!t^^eke valve 2, the exhaust gas air-fuel ratio 
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1 02, the valve opening characteristics of the intake valve 2 are set, in a step (not shown) such that the intake air amount 
to be introduced into that cylinder Is limited by the cross-sectional area of a portion of the intake pipes 51 and 52 having 
the smallest internal circumference, and is not limited by the valve opening characteristics of the intake valve 2. 
[0071] Also according to the exemplary embodiments and modifications thereof, the variation among cylinders is 

5 able to be reduced based on the operation angle of the intake valve. More specifically, the variation in the fuel injection 
quantity among cylinders can be reduced by the operation angle of the intake valve. Even more specifk:ally, when it 
Is determined in Step 1 00 in Fig. 11 that the operation angle of the intake valve assumes a maximum value, the variation 
in the fuel injection quantity between the cylinders is minimized in Step 105. Therefore, when it is possible to change 
the operation angle of the intake valve, it is possible to control the variation in the air-fuel ratio between the cylinders 

10 more appropriately than when the variation between cylinders Is not controlled by the operation angle of the intake 
valve. In other words, it Is possible to appropriately control the variation in the air-fuel ratio among the cylinders. 
[0072] A routine according to the method for learning Intake vah^e operation angle variation, according to the em- 
bodiment for controlling the third type of the internal combustion engine and a modification thereof shown in Fig. 12 is 
executed at predetermined intervals, just as the routine shown in Fig. 11 . In Fig. 12, when this routine starts, it is first 

15 detemnined in Step 150 whether the correction control in Step 105 in Fig. 11 has been completed. If the correction of 
the fuel injection quantity for all of the cylinders is not yet complete, then it is detemnined that the variation in the 
operation angle of the intake valve 2 among the cylinders can not be reduced and the routine ends. If the connection 
of the fuel injection quantity for all of the cylinders is complete, then the process proceeds to Step 151 . In Step 151 , it 
is determined whether the operation angle of the intake valve 2 is equal to or less than a predetermined threshold 

20 value. That is, it is determined whether the operation angle of the intake valve 2 Is set to a relatively small value such 
that the intake air amount to be introduced into the cylinder is limited by the operation angle of the intake valve 2, and 
not limited by the opening amount of the throttle vah/e 56. If the detemilnation is "NO", the routine ends. If the deter- 
mination is "YES", the process proceeds to Step 152. 

[0073] In Step 152, it is detemnined whether it is time to calculate the exhaust gas air-fuel ratio of the specified 
25 cylinder, for example, cylinder No. N, among the plurality of cylinders Nos. 1 through 4. If the determination is "NO", 
the routine ends. If the detemnination is, "YES", the process proceeds to Step 153. In Step 153, the exhaust gas air- 
fuel ratio of the cylinder No. N Is detected for several cycles and the mean air-fuel ratio thereof is calculated. This mean 
air-fuel ratio calculation is perfomried for all of the cylinders Nos. 1 through 4. Next in Step 154, the variation AQ in the 
intake air amount among the cylinders Is calculated using the air-fuel ratio of each of the cylinders Nos. 1 through 4 
30 calculated in Step 153 on the assumption that the fuel Injection quantity of each of the cylinders Nos. 1 through 4 is 
the same. 

[0074] Next in Step 155, the variation AAng in the operation angle of the intake valve 2 of a specified cylinder, for 
example, cylinder No. N, is calculated based on the variation AQ in the intake air amount among the cylinders calculated 
in Step 154. This calculation of the variation AAng in the operation angle of the intake valve 2 is perfomried for all of 
35 the cylinders Nos. 1 through 4. Next in Step 1 56, the intake valve driving device 58 corrects the operation angle of the 
intake vah^e 2 of each of the cylinders Nos. 1 through 4 such that the variation in the operation angle of the intake 
valves 2 among the cylinders is reduced, i.e., such that the variation in the intake air amount among the cylinders is 
reduced. 

[0075] According to the embodiment for controlling the third type of the intemal combustion engine, after reducing 

40 the variation in the fuel injection quantity between the cylinders in Step 105 in Fig. 11 , when it is detemnined in Step 
1 51 that the valve opening characteristics of the intake valve 2 are set so that the intake air amount to be introduced 
into the cylinder is limited by the vahre opening characteristics of the intake valve 2, and not limited by the opening 
amount of the throttle valve 56, the process proceeds to Step 153. In Step 153, the exhaust gas air-fuel ratio of that 
cylinder is calculated and then in Step 1 56 the variation in the valve opening characteristics of the intake valve 2 among 

45 cylinders is reduced by that exhaust gas air-fuel ratio. That is, after reducing the variation in the fuel injection quantity 
among the cylinders, the valve opening characteristics of the intake valve 2 of each of the cylinders Nos. 1 through 4 
are changed such that the exhaust gas air-fuel ratio of the cylinder No. 1 and the exhaust gas air-fuel ratios of the 
other cylinders Nos. 2 through 4 are the same. Therefore, even if there is variation in the fuel intake quantity among 
the cylinders, no variation in torque among cylinders is generated and variation in the valve opening characteristics of 

50 the intake valve 2 among the cylinders can be reduced. 

[0076] Also, according to a modification of the embodiment, after reducing the variation in the fuel injection quantity 
among the cylinders in Step 105 in Fig. 11 , when it is determined in Step 151 that the valve opening characteristics of 
the intake valve 2 are set so that the intake air amount to be introduced into the cylinder is limited by the valve opening 
characteristics of the intake valve 2, and not limited by the cross-sectional area of the portion of the intake pipes 51 

55 and 52 having the smallest intemal circumference, the process proceeds to Step 153. In Step 153, the exhaust gas 
air-fuel ratio of that cylinder is calculated and then in Step 1 56, the variation in the vah^e opening characteristics of the 
intake valve 2 among cylinders is reduced by that exhaust gas air-fuel ratio. That Is, after reducing the variation in the 
fuel injection quantity among the cylinders, the vahre opening characteristks of the intake valve 2 of each of the cylinders 
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Nos. 1 through 4 are changed such that the exhaust gas air-fuel ratio of the cylinder No. 1 and the exhaust gas air- 
fuel ratios of the other cylinders Nos. 2 through 4 are the same. Therefore, even if there is variation in the fuel Intake 
quantity among cylinders, no variation in torque among cylinders is generated and the variation in the valve opening 
characteristics of the intake valves 2 among the cylinders can be reduced. 

5 [0077] More specifically, according to the embodiment for controlling the third type of the Internal combustion engine 
and the modification thereof, after reducing the variation in the fuel injection quantity among the cylinders in Step 105 
in Fig. 11 , when it Is detennlned In Step 151 that the operation angle of the Intake valve 2 is set to a predetermined 
angle which is smaller than the maximum operation angle, the process proceeds to Step 153. In Step 153, the exhaust 
gas air-fuel ratio is calculated and then in Step 156, the variation in the operation angle of the intake valve 2 among 

10 the cylinders is reduced by that exhaust gas air-fuel ratio. That is, after reducing the variation in the fuel injection 
quantity among the cylinders, the operation angle of the intake valve 2 of each of the cylinders Nos, 1 through 4 Is 
changed such that the exhaust gas air-fuel ratio of the cylinder No. 1 and the exhaust gas air-fuel ratios of the other 
cylinders Nos. 2 through 4 are the same. Therefore, even if there is variation in the fuel intake quantity among cylinders, 
no variation in torque among cylinders is generated and the variation in the operation angle of the intake valve 2 among 

IS the cylinders can be reduced. 

[0078] According to the foregoing embodiment and the modification thereof, after reducing the variation In the fuel 
injection quantity among the cylinders in Step 105 in Fig. 11 , when It Is detemnlned In Step 151 that the operation angle 
of the intake valve 2 is set to a predetennined operation angle that is smaller than the maximum operation angle, the 
process proceeds to Step 153. In Step 153, the exhaust gas air-fuel ratio is calculated and then in Step 156, the 

20 variation In the Intake air amount among cylinders is reduced by that exhaust gas air-fuel ratio. That Is, after reducing 
the variation in the fuel Injection quantity among the cylinders, the operation angle of the intake valve 2 of each of the 
cylinders Nos. 1 through 4 is changed such that the exhaust gas air-fuel ratio of the cylinder No. 1 and the exhaust 
gas air-fuel ratios of the other cylinders Nos. 2 through 4 are the same. Therefore, even if there Is variation In the fuel 
intake quantity among the cylinders, no variation in torque among cylinders is generated and the variation in the intake 

25 air amount among the cylinders can be reduced. 

[0079] Also according to the embodiments for controlling the first to the third type of the internal combustion engines 
and modiffcatlons thereof, a variation among cylinders is reduced by the operatton angle of the Intake valve. More 
specifically, when it is detemnlned in Step 151 in Fig. 12 that the operation angle of the Intake valve 2 is equal to or 
less than a predetennined threshold value, the variation in the operation angle of the intake valve 2 among the cylinders 

3a Is reduced in Step 156. Therefore, when it is possible to change the operation angle of the intake valve, the variation 
in the air-fuel ratio among the cylinders can be controlled more appropriately than when the variation In the operation 
angle of the intake valve 2 among the cylinders Is controlled irrespective of the aforementioned threshold value. In 
other words, it is possible to appropriately control the variation in the air-fuel ratio among the cylinders. 
[0080] A routine according to the method for learning intake valve operation angle variation, according to the em- 

35 bodiment for controlling the first and the second type of the internal combustion engines and modifications thereof, 
shown in Fig. 13 is executed at predetennined intervals, just as is the routine shown in Fig. 11. As shown in Fig. 13, 
when this routine starts, It Is first detemnlned In Step 150 whether the control for reducing the variation In the fuel 
injection quantity in Step 1 05 shown in Fig. 1 1 has been completed, just as in Fig. 1 2. If the control is not yet complete, 
it is detennined that the variation In the operation angle of the intake valve 2 among the cylinders can not be reduced. 

40 Accordingly the routine ends. If the con-ection of the fuel injection quantity for all of the cylinders is complete, the 
process proceeds to Step 1 51 . In Step 1 51 , just as in Fig. 1 2, it is detennined whether the operation angle of the intake 
valve 2 Is equal to or less than a predetermined threshold value. If the detenminatlon Is "NO", the routine ends. If the 
determination is "YES", the process proceeds to Step 152. 

[0081] In Step 152, it is determined whether it is time to calculate the exhaust gas air-fuel ratio of the specified 
45 cylinder, for example, the cylinder No. N, among a plurality of cylinders Nos. 1 through 4, just as in Fig. 12. If the 
detemnination is "NO", the routine ends. If the detemiination is "YES", the process proceeds to Step 153. In Step 153, 
the exhaust gas air-fuel ratio of the cylinder No. N, for example, Is detected for several cycles and the mean air-fuel 
ratio thereof is calculated, just as in Fig. 12. Next in Step 154, the variation AQ in the intake air amount among the 
cylinders is calculated using the air-fuel ratio of each of the cylinders Nos. 1 through 4 calculated In Step 153 on the 
50 assumption that the fuel injection quantity in each of the cylinders Nos. 1 through 4 are all the same, also just as In 
Fig. 12. 

[0082] Next In Step 250, the fuel injection quantity of each cylinder Is corrected based on the variation AQ in the 
intake air amount among the cylinders calculated in Step 1 54 such that the torque of all of the cylinders Nos. 1 through 
4 is the same. Then in Step 251 , the ignition timing of each cylinder is con-ected based on the variation AQ In the intake 
55 air amount among the cylinders calculated in Step 154 such that the torque of all of the cylinders Nos. 1 through 4 is 
the same. For example, the Ignition timing in a cylinder In which the intake air amount is relatively large Is retarded 
during operation under high load of the engine, in whk:h knocking tends to occur. 

[0083] According to the embodiment for controlling the first and second type of the Internal combustion engines, 
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after reducing the variation in the fuel injection quantity among the cylinders in Step 1 0S shown In Fig. 1 1 , when it is 
determined in Step 151 shown in Fig. 13 that the valve opening characteristics of the Intake valve 2 are set such that 
the intake air amount to be Introduced into the cylinder Is limited by the valve opening characteristics of the intake 
valve 2, and not limited by the opening amount of the throttle valve 56, the process proceeds to Step 1 53. In Step 1 53, 

5 the exhaust gas air-fuel ratio of that cylinder Is calculated and then in Step 250 and Step 251 , the fuel injection quantity 
and the ignition timing, respectively, are conrected so as to reduce the variation in torque among cylinders. 
[0084] According to the foregoing embodiments and modifications thereof, after reducing the variation in the fuel 
injection quantity among the cylinders in Step 105 shown in Fig. 11 , when it is detemnined in Step 151 In Fig. 13 that 
the valve opening characteristics of the Intake valve 2 are set so that the intake air amount to be Introduced into the 

10 cylinder is limited by the valve opening characteristics of the intake valve 2, and not limited by the cross-sectional area 
of the portion of the Intake pipes 51 and 52 having the smallest Intemal circumference, the process proceeds to Step 
153. In Step 153, the exhaust gas air-fuel ratio of that cylinder is calculated and then In Step 250 and Step 251 the 
fuel injection quantity and ignition timing, respectively, are corrected so as to reduce the variation In torque among the 
cylinders. 

IS [0085] According to the embodiment for controlling the first to the third type of the Intemal combustion engine and 
the modifications thereof, the variation among cylinders is controlied based on the operation angle of the Intake valve. 
More specifically, when It is detemnined In Step 151 shown In Rg. 13 whether the operation angle of the Intake valve 
2 is equal to or less than a predetemnined threshold value, the variation in the air-fuel ratio among the cylinders is 
controlled in Step 250. Therefore, when it is possible to change the operation angle of the intake valve, the variation 

20 in the air-fuel ratio among the cylinders can be controlled more appropriately than when the variation in the air-fuel 
ratio among the cylinders Is controlled irrespective of the aforementioned threshold value. In other words, it is possible 
to appropriately control the variation In the air-fuel ratio among the cylinders. 

[0086] Hereinafter, additional embodiments of a control apparatus for an Intemal combustion engine according to 
the invention will be described. The configurations of these embodiments are substantially the same as the configu- 

25 rations of each of the foregoing embodiments. Also, configurations of modifications of these embodiments are sub- 
stantially the same as the configurations of the foregoing modifications of each of the embodiments. 
[0087] A routine according to tiie method for learning fuel injection quantity variation according to the foregoing 
embodiments and modifications thereof as shown in Fig. 14 is executed at predetennined intewals just as the routine 
shown In Fig. 1 1 . Refening to Fig. 1 4, when this routine starts, it is first detemnined in Step 300 whether a valve overiap 

30 amount of the intake valve 2 and the exhaust vah^e 3 is minimum. When the detennination is "NO", i.e., when the valve 
overiap amount of the intake valve 2 and the exhaust valve 3 is relatively large, the intake air amount to be introduced 
into the cylinder 50 is detenmlned by the valve overiap amount of the Intake valve 2 and the exhaust valve 3. When 
there is temporary variation in the valve overiap amount between the cylinders, a variation in the intake air amount is 
generated and it is detemnined that variation in the fuel injection quantity cannot be learned, and the routine ends. 

35 However, when the detemilnation in Step 300 is "YES", the intake air amount to be introduced into the cylinder 50 is 
determined by the opening amount of the throttle valve 56 or the cross-sectional of the portion of the intake pipes 51 
and 52 having the smallest internal circumference, because the blow back gas amount from the cylinder 50 to the 
intake pipe 51 is small. Even when there is a variation in the valve overiap amount of the intake valve 2 and the exhaust 
valve 3 among the cylinders, it is detemnined that no variation in the intake air amount Is generated between the 

40 cylinders, and the process proceeds to Step 101. 

[0088] In Step 101 , it is determined whether it is time to calculate the exhaust gas air-fuel ratio of the specified 
cylinder, for example, the cylinder No. N, among a plurality of cylinders Nos. 1 through 4, just as was shown in Fig. 11 . 
When the detenmination is "NO", the routine ends. When the detemiinatlon is "YES", the process proceeds to Step 
102. In Step 1 02, the exhaust gas air-fuel ratio of the cylinder No. N, for example, is detected for several cycles and 

45 the mean air-fuel ratio thereof is calculated, just as was shown in Fig. 11 . Next in Step 103, a variation AQn in the fuel 
injection quantity among the cylinders detected in Step 1 02 is cateulated using the air-fuel ratio of each of the cylinders 
Nos. 1 through 4, just as was shown In Fig. 11 . 

[0089] Next in Step 104, a variation rate Orate-n of the fuel injection quantity is calculated based on the variation 
AQn in the fuel injection quantity among the cylinders cateulated in Step 103, just as was shown in Fig. 11 . Then In 
so step 1 05, the fuel injection quantity of each of the cylinders Nos. 1 through 4 Is corrected so as to reduce the variation 
in the fuel injection quantity among the cylinders, just as was shown in Fig. 11 . 

[0090] According to the embodiments, when it is detemnined in Step 300 that the valve overiap amount of the intake 
valve 2 and the exhaust valve 3 is set to the minimum value, ttie exhaust gas air-fuel ratio of that cylinder is then 
calculated in Step 1 02. That is, when it is detennined in Step 300 that the vah^e overiap amount of the intake valve 2 
55 and the exhaust valve 3 is set so as not to limit the intake air amount to be introduced into the cylinder, the exhaust 
gas air-fuel ratio of that cylinder Is then calculated in Step 102. More specifically, when it is detemnined in Step 300 
that the vah/e overiap amount of the intake vah^e 2 and the exhaust valve 3 is set such that the intake air amount to 
be introduced into the cylinder is limited by the opening arrwunt of the throttle valve 56, and not limited by the valve 
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overlap amount, the exhaust gas air-fuel ratio of that cylinder is calculated in Step 1 02. In other words, for the exhaust 
gas air-fuel ratio of a cylinder to be calculated in Step 102, the valve overlap amount of the intake valve 2 and the 
exhaust valve 3 is set, In a step which is not shown, such that the intake air amount to be Introduced into that cylinder 
is limited by the opening amount of the throttle valve 56, and not limited by the valve overlap amount of the intake valve 

5 2 and the exhaust valve 3. That is, by making the opening amount of the throttle valve 56 when the exhaust gas air- 
fuel ratio of the first cylinder No. 1 is calculated and the opening amount of the throttle valve 56 when the exhaust gas 
air-fuel ratios of the other cylinders Nos. 2 through 4 are calculated substantially the same, It is possible to make the 
intake air amount to be introduced into the first cylinder No. 1 upon calculation of the exhaust gas air-fuel ratio thereof 
and the intake air amount to be introduced into the other cylinders Nos. 2 through 4 upon calculation of the exhaust 

10 gas air-fuel ratios thereof the same. 

[0091] Further, in the embodiments, when It is detenmined in Step 300 that the intake air amount to be introduced 
into the cylinder No. 1 when the exhaust gas air-fuel ratio thereof is calculated and the intake air amount to be introduced 
into the other cylinders Nos. 2 through 4 when the exhaust gas air-fuel ratios thereof are cateulated are the same, the 
variation in the fuel injection quantity among the cylinders is reduced in Step 105 based on the exhaust gas air-fuel 

IS ratio. That is, after making the Intake air amount In all of the cylinders the same, the fuel injection quantity is corrected 
such that the exhaust gas air-fuel ratios in all of the cylinders are the same. This allows both the variation in the air- 
fuel ratio among cylinders, as well as the variation in the torque among cylinders, to be reduced. 
[0092] In other words, according to the embodiments, when it is determined in Step 300 that the valve opening 
characteristtes of the intake valve 2 and the exhaust valve 3 are set such that the intake air amount to be introduced 

20 into the cylinder is limited by the opening amount of the throttle valve 56, and not limited by the valve opening charac- 
teristk:s of the Intake valve 2 and the exhaust valve 3, the exhaust gas air-fuel ratio of that cylinder is then calculated 
in Step 102. That is, for the exhaust gas air-fuel ratio of a cylinder to be calculated in Step 102, the valve opening 
characteristics of the intake valve 2 and the exhaust valve 3 are set, in a step which Is not shown, such that the intake 
air amount to be introduced into that cylinder is limited by the opening amount of the throttle valve 56, and not limited 

25 by the valve opening characteristics of the intake valve 2 and the exhaust valve 3. 

[0093] Also, according to modifications of the embodiments in which the throttle valve 56 is not provided, just as in 
the embodiments, when It Is determined in Step 300 that the valve overiap amount of the intake vahre 2 and the exhaust 
valve 3 is set to the minimum value, the exhaust gas air-fuel ratio of that cylinder is calculated in Step 102. That is, 
when it is detemnined in Step 300 that the valve overlap amount of the intake valve 2 and the exhaust valve 3 is set 

30 so as not to limit the intake air amount to be introduced into the cylinder, the exhaust gas air-fuel ratio of that cylinder 
Is then calculated In Step 102. More specifically, when it is detemlned in Step 300 that the valve overiap amount of 
the intake valve 2 and the exhaust valve 3 is set such that the Intake air amount to be introduced into the cylinder is 
limited by the cross-sectional area of a portion of the intake pipes 5 1 and 52 having the smallest internal circumference, 
and not limited by the valve overiap amount of the intake valve 2 and the exhaust valve 3, the exhaust gas air-fuel ratio 

35 of that cylinder is then cateulated in Step 102. In other words, for the exhaust gas air-fuel ratio of a cylinder to be 
calculated in Step 102, the valve overiap amount of the intake valve 2 and the exhaust valve 3 are set, in a step whk:h 
Is not shown, to the minimum value such that the intake air amount to be Introduced into the cylinder Is limited by the 
cross-sectional area of a portion of the intake pipes 51 and 52 having the smallest internal circumference, and not 
limited by the vah^e overiap amount of the intake valve 2 and the exhaust valve 3. 

40 [0094] In other words, according to modifications of the embodiments, when it is detemnined in Step 300 that the 
vah^e opening characteristics of the intake valve 2 and the exhaust valve 3 are set such that the Intake air amount to 
be introduced into the cylinder is limited by the cross-sec^lonal area of a portion of the intake pipes 51 and 52 having 
the smallest intemal circumference, and not limited by the valve opening characteristics of the intake valve 2 and the 
exhaust valve 3, the exhaust gas air-fuel ratio of that cylinder is then calculated in Step 102. That is, for the exhaust 

45 gas air-fuel ratio of a cylinder to be calculated in Step 1 02, the valve opening characteristics of the intake valve 2 and 
the exhaust valve 3 are set, in a step whbh is not shown, such that the intake air amount to be introduced into that 
cylinder Is limited by the cross-sectional area of a portion of the Intake pipes 51 and 52 having the smallest intemal 
circumference, and not limited by the valve opening characteristics of the intake valve 2 and the exhaust valve 3. 
[0095] Also, according to the foregoing embodiments and modifications, the variation among cylinders is able to be 

50 reduced based on the valve overiap amount of the intake valve 2 and the exhaust valve 3. More specifically, the variation 
in the fuel injection quantity among cylinders can be reduced based on the valve overiap amount of the intake vah/e 2 
and the exhaust valve 3. Even more specif k:ally, when It Is detemnined in Step 300 in Rg. 14 that the valve overiap 
amount of the intake valve 2 and the exhaust valve 3 is set to the minimum value, the variation in the fuel injection 
quantity among the cylinders is reduced in Step 1 05. Therefore, when it Is possible to change the valve overiap amount 

55 of the intake valve and the exhaust valve, the variation in the air-fuel ratio among the cylinders can be controlled more 
appropriately than when the variation among cylinders is not reduced based on the vah/e overiap amount of the intake 
valve and the exhaust valve. In other words, It is possible to appropriately control the variation in the air-fuel ratio 
among the cylinders. 
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n ii So is -NO-, the routine ends. If the determination is "YES", the process proceeds to S^ep 152 _ 
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exhaust qas air-fuel ratio. That is. after reducing the variation in the fuel injection quantity among cylinders, the 

such that the exhaust gas air-fuel ratio of the cylinder No. 1 and the exhaust gas air-fuel ratios of the other cylinders 
Nos 2 rlgh 4 are L same. Therefore, even . there is variation in the fuel Intake quantity among^^^^^^^^ 
vatition in torque among cylinders is generated and the variation in the vah^e overlap amount of the intake valve 2 
and the exhaust valve 3 among the cylinders can be reduced. 

mm in other words, acco^ing to the embodiment and the modification thereof, after reducmg the vanatK>n .n he 
fuenn ecion quantity among the cylinders in Step 105 in Fig. 14, when It is detemiined in Step 450 in F.g^15 that the 
vatTovX lount of the intalS valve 2 and the exhaust vah^e 3 is set to a predetemtined vajre overlap arrvount 
Zsll^7than the minimum vah^eoveriap amount, the process proceed 

air-fuel ratio is calculated and then in Step 452 the variaUon in the intake air amount among cylinders 's reduced wrth 
Ta exhaust gas air-fuel ratio. That is. after reducing the variation in the fuel injection quanlrty among the cylinders, 
Tvle Irtap amount of the intake valve 2 and the exhaust vaK/e 3 of each of the cylinde|s Nos. 1 through 4 « 
cha^qed such that the exhaust gas air-fuel ratio of the cylinder No. 1 and the exhaust gas air-fuel ratios of the other 
ide^ 2 Lugh 4 are the same. Therefore, even « there is variation in the fuel intake quantrty between cy jr. 
S no variation in torque between cylinders is generated and the variation in the intake a,r amount between the 

SSrATs"olo?di^o the embodiment and the modrfbation thereof, a variation among cylinders - red-^^ 
he^le overtop amount of the intake valve and the exhaust valve. More specifically, when rt is detem,.ned in Step 
4S) in RQ 1 5 that the valve overtap amount of the intake valve 2 and the exhaust valve 3 is equal to. or greater than. 
SSm^lnrdThrethr^^^^ 

3 a^ngTe (finders is reduceil in Step 452. TTierefore. when it is possible to change the valve overiap amount ^ 
theSe v^l^ and the exhaust valve, it is possible to control the variation in the air-fuel ratio between the cylinders 
Z e ZZ^i than when the variation in the vah^e overiap amount of the intake va^,e 2 and the ^jhaust v^e 3 
between the cylincters is controlled irregardless of the aforementioned threshoW 

aoDroDriatelv control the variation in the air4uel ratio among the cylinders. ^. . 

^l^r A Line according to the method for leaming intake valve operation angle variation, a"^'^;"^ ° 
going embodiments and modifteations thereof, in Fig. 16 is perfomied at predetermined '"t^"'^^;i"tl*J2^^^^^ 
shown in Fki14 AS shown in Fig. 16. when this routine starts, it is first detemiined in Step 150 whether the con^ion 
Sl^aep105fnFig.14hasbeencompleted.justasinRg.15.l^^ 

Se V JSon in the vahre overiap amount of the intake vahre 2 and the exhaust valve 3 among the cylinders can 
n.^ be relSd and the routine endT If the correction of the fuel injection quanUty for all of t e cyl.nde^ is compMe^ 
then the process proceeds to Step 450. In Step 450. it is determined whether the vah,e overlap amount of the intake 
vTe 2 and exhaust ^aWe 3 ^ equal to or greater than a predetem,ined threshold value, just as in Fig. 15. If the 
detemiinatlon is "NO", the routine ends. If the detennination is "YES", the process proceeds to Step 152 
fo1orrstep152.tis detemiined whether it is time tocalculatetheexhaust gas air-fuel rat^ 

or eximple. the cylinder No. N. among a plurality of cylinders Nos. 1 through 4 just as '"^'g JIJ* » 
is "NO" the routine ends. If the detemiination is "YES", the process proceeds to Step 153. In Step 153 *e exhaus 
aas air-ft^el ratio of the cylinder No. 1 . for example, is detected for several cycles and the mean air-fuel ratio hereof 
fs^^te^ted S^t aTin 15. Next in Step 154. the variation AQ in the intake air amount among ttie cylinders » 
^SSliglhe air-fuel ratio of each of the cylinders Nos. 1 through 4 cateulated in Step 1^ on *e assumption 
that the fuel injection quantity in each of the cylinders Nos. 1 through 4 are the same, just as .n Fig. 15^ 
0106] Next n Step 250. the fuel injection quantity of each cylinder is corrected based on the vanation AQ ^ the 
Eairamount among thecylinderscateulated in Step154suchthatthe torque of all^ 

aTL same just as in Fig. 13. Then in Step 251 , just as in Fig. 13. the ignition timing of each cylinder is corrected 
^i^oXiion AQ fn the intake air amount among the cylinders calculated 

aMof the cylinders Nos. 1 through 4 is the same. For example, the ignition timing m a cylinder in which the intake air 
^tls^elaTvely large is retarded during operation under high load of the engine, which tends to cause knocking. 

/vSording toSe foregoing embodiments, after reducing the variation in the fuel injection ^^a^^ ^^-JSj*- 
SndeisVn Step 105 in Fig. 14, when it is detemiined in Step 450 in Fig. 1 6 that the valve opening charactenst.cs of 
Si iS^ke v^2^2 and the exhaust vah^e 3 are set so that the intake air amount to be introduced into the cylinder e 

imitX*e^lveopeningc^ 
amount of the throttle valve 56. the process proceeds to Step 153. In Step 153. the exhaust gas air^fuel ratio o that 
^i^d^r fe <!LteuSd and then in Step 250 and Step 251 . the fuel injection quantity and ignition timing, respeclnrely. 
55 are corrected so as to reduce the variation in torque among the cylinders. rf„«„„i„th« 
[o"m] Also according to the foregoing embodiments and modifteations thereof, after reducing the vanaton ,n the 
fuel in ection quantity among the cylinders in Step 1 05 in Fig. 14. when it is detemiined in Step 450 in Fig. 1 6 that the 
v^rSng S^a^eristi.^ Of tS intake valve 2 and the exhau^ 
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introduced into the cylinder is limited by the valve opening characteristics of the Intake valve 2 and the exhaust valve 
3, and not limited by the cross-sectional area of the portion of the intake pipes 51 and 52 having the smallest intemal 
circumference, the process proceeds to Step 1 53. In Step 1 53, the exhaust gas air-fuel ratio of that cylinder is calculated 
and then in Step 250 and Step 251 , the fuel Injection quantity and ignition timing, respectively, are con^ected so as to 

s reduce the variation in torque among cylinders. 

[0109] Also according to the foregoing embodiments and modifications thereof, the variation among cylinders is 
controlled by the valve overiap amount of the intake valve and the exhaust valve. More specifically, when it is detemnined 
in Step 450 in Fig. 1 6 that the valve overlap amount of the intake valve 2 and the exhaust valve 3 is equal to or greater 
than a predetenmined threshold value, the variation in the air-fuel ratio among the cylinders is reduced in Step 250. 

10 Therefore, when it Is possible to change the valve overiap amount of the intake valve and the exhaust valve, the 
variation in the air-fuel ratio among the cylinders can be controlled more appropriately than when the variation in the 
air^fuel ratio among the cylinders is controlled irrespective of the aforementioned threshold. In other words, it is possible 
to appropriately control the variation in the air-fuel ratio among the cylinders. 

[0110] Hereinafter, an another embodiment of a control apparatus for an internal combustion engine according to 
15 the Invention will be described. The configuration of this embodiment is a combination of the configuration of the fore- 
going embodiments and modifbations thereof and the configuration described below. In Fig. 1 7, reference numerals 
that are the same as those in Figs. 1 through 10 represent the same or like parts as those shown in Figs. 1 through 
10. Fig. 17 also shows an intake air amount calculating portion 22' which constitutes a portion of the ECU 22, a neural 
networi( 60 which is of a construction substantially the same as that of the well-known neural networic disclosed in 
20 Japanese Patent Application Laid-Open Publication No. 9-88685, for example, and a delay cak^ulating portion 22" using 
the neural network 60, whk:h constitutes another portion of the ECU 22. 

[0111] In this embodiment, the variation among the cylinders is reduced using the neural networic 60 in order to 
compensate for the delay from the valve lift amount changing device 9, 9', the opening/closing timing shift device 1 1 , 
11', the intake valve driving device 58, and the exhaust valve driving device 58' during times of excessive driving of 

25 the engine. Specifbally, when the intake air amount is calculated during times of excessive driving of the engine, the 
intake air amount is estimated based on the value output from the airflow meter 19, the opening amount of the throttle 
vah^e 56, the rate of change of the throttle valve opening amount, the valve opening timing of the intake valve 2, the 
valve closing timing of the intake valve 2, the engine speed, the water temperature, the oil temperature, the oil pressure, 
and the value output from the intake air temperature sensor 21 . The neural network 60 is able to learn the delay from 

30 the difference between that intake air amount and an air amount calculated based on the value output from the air-fuel 
ratio sensor 57. As a result, the actual air-fuel ratio can be matched extremely accurately to the target air-fuel ratio 
under any condition. 

[0112] That is, the neural networt< is applied for the calculating portion that calculates the intake air amount delay, 
and the intake air amount is calculated based on the above-described data. The error, or difference, between the fuel 
35 injection quantity calculated based on that intake air amount and the actual exhaust gas air-fuel ratio of that cycle is 
then detected. By repeating this with various patterns and conrecting the sensitivity coefficient of each parameter, the 
actual air-fuel ratio Is able to be matched extremely accurately to the target air-fuel ratio under any operating condition 
of the engine. 

[0113] Hereinafter, another embodiment of a control apparatus for an internal combustion engine according to the 
40 invention will be described. The configuration of this embodiment is substantially the same as any of the configurations 
of the foregoing embodiments and modifications thereof. Alternatively, the eighth embodiment may also comprise a 
plurality of intake vah^e cams with different cam profiles, not shown, wherein the valve opening characteristics of each 
intake valve is able to be changed by changing the intake valve cam. 

[0114] A routine according to the method for controlling to minimize variation between cylinders according to the 
45 foregoing embodiment and the modifbation thereof, is performed at predetermined intervals. As shown in Fig. 18, 
when this routine starts, it is first determined in Step 500 whether a map, to be described later, has already been 
created. If the deterniinatlon is "YES", the process proceeds to Step 505. If the detenninatlon is "NO", the process 
proceeds to Step 501 . In Step 501 , the air-fuel ratio of each of the cylinders Nos. 1 through 4 in a constant state, such 
as when the engine is idling, is calculated based on a value output from the air-fuel ratio sensor 57 by a method such 
50 as that disclosed in Japanese Patent Application Laid-Open Publication No. 59-1 01 562 or Japanese Patent Application 
Laid-open Publk;ation No. 5-180040. 

[0115] Next in Step 502, it is detemiined whether there is variation in the air-fuel ratio among the cylinders. When 
variation in the air-fuel ratio between the cylinders is less than a predetennined value, the routine ends. When variation 
in the air-fuel ratio among the cylinders is equal to or greater than the predetermined value, the process proceeds to 
55 Step 503. In Step 503, fuel injection amount connection coefficients for each of the cylinders Nos. 1 through 4 are 
calculated based on the cateulated air-fuel ratios of each of the cylinders Nos. 1 through 4, respectively. For example, 
when the actual air-fuel ratio of a cylinder varies on the rich side with respect to the target air-fuel ratio, a fuel injection 
amount conrection coefficient is caknjlated whk:h has a relatively small value so as to correct with a decrease the fuel 
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injection amount of that cylinder. On tlie other hand, when the actual air-fuel ratio of a cylinder varies on the lean side 
with respect to the target air-fuel ratio, a fuel injection amount correction coefficient is calculated which has a relatively 
large value so as to correct with an Increase the fuel injection amount of that cylinder. 

[0116] Next in Step 504, a fuel injection quantity correction coefficient map. which shows the relationship between 

5 the fuel injection quantity correction coefficient and the operation angle of the intake valve 2, is created based on the 
fuel injection amount quantity correction coefficient calculated in Step 503 and the operation angle of the intake valve 
2 at that time. As shown in Fig. 1 9, when a point PI is cateulated in Step 503, a curved line LI showing the relationship 
between the fuel injection quantity correction coefficient and the operation angle of the intake valve is calculated from 
that point PI , and a fuel injection quantity con-ection coefficient map is created based on that curved line L1 . According 

10 to a modification of the eighth embodiment, in Step 504 it is possible to calculate a relational expression that simplifies 
the curved line LI Instead of creating the map. Also according to a modification of the embodiment, it is possible to 
calculate not only the point P1 but also a point PI' in a step similar to Step 503. caknjiate a curved line similar to the 
curved line L1 based on the point PI and the point PI', and then create a fuel injection quantity correction coefficient 
map based on that curved line. 

IS [0117] In Step 505, the fuel Injection quantity for each of the cylinders Nos. 1 through 4 is corrected. That is. when 
the map shown in Fig. 1 9 has not been created such that the detemnination in Step 500 is "NO", a fuel injection quantity 
correction coefficient for correcting the fuel injection quantity is calculated in Sitep 503, and the fuel injection quantity 
is then corrected based on that fuel injection quantity correction coefficient in Step 505. On the other hand, when the 
map shown in Fig. 19 has already been created such that the determination in Step 500 is "YES", Step 503 is not 

^ performed even when the operation angle of the intake valve 2 has changed from the point at which the map was 
created, such that the fuel Injection quantity is corrected in Step 505 based on the map that was already created. 
[0118] When it is feared that hunting may occur when the aforementioned Step 505 is perfonnned, the fuel injection 
quantity con'ection coefficients may be smoothed out in a step which is not shown, so that it is then possible to correct 
the fuel injection quantity in a step which replaces Step 505 based on the smoothed out fuel injection quantity connection 

25 coefficient. (In this case, the fuel injection quantity correction coeffk:ients of all of the cylinders are conrected using the 
values of the smoothed out fuel Injection quantity correction coefficients. The thus corrected fuel injection quantity 
connection coefficients are then repeatedly smoothed and re-corected until they converge on a single fuel injection 
quantity connection coefficient for all of the cylinders. The fuel injection quantity is then corrected based on this single 
fuel injection quantity correction coefficient.) 

30 [0119] According to the embodiment or the modification thereof, a variation between cylinders is reduced by the 
operation angle of the intake vahfe 2. More specifically, as shown in Fig. 1 9, the variation in the fuel injection quantity 
among cylinders is reduced by calculating the fuel injection quantity correction coeffk^ient of each cylinder No. 1 through 
4 based on the operation angle of the intake valve 2, and correcting the fuel injection quantity In each cylinder No. 1 
through 4 In Step 505 based on that fuel injection quantity correction coeffrcient. Therefore, when it is possible to 

35 change the operation angle of the intake valve, it is possible to control the variation in the air-fuel ratio among the 
cylinders more appropriately than when the variation between cylinders is not controlled by the operation angle of the 
Intake valve. 

[0120] Also according to the embodiment or the modification thereof, because the variation among the cylinders is 
controlled by the operation angle of the intake valve, it is possible to appropriately control the variation between the 

40 cylinders even when, for example, the sensor 57 is not suffk^iently exposed to the exhaust gas such that a target air- 
fuel ratio calculated from a value output by a sensor is not an appropriate target air-fuel ratio. 
[0121] Also, according to the embodiment or the modification thereof, the variation in the air-fuel ratio among the 
cylinders is reduced by correcting the fuel injection quantity in Step 505 based on the operation angle of the intake 
valve 2. For example, when the air-fuel ratio of a cylinder varies to the rich side, the variation in ttie air-fuel ratio among 

45 the cylinders is reduced by connecting with a decrease the fuel injection quantity of that cylinder. Also, the smaller the 
operation angle of the intake valve, the greater the variation in the air-fuel ratio among cylinders when the actual 
operation angle Is off from the target operation angle. In view of this, as shown In Fig. 19, the difference between the 
fuel injection quantity correction coefficient and 1 .0 is made to become larger as the operation angle of the intake valve 
becomes smaller. As a result, the variation in the air-fuel ratio among the cylinders is controlled by increasing the 

50 correction amount of the fuel injection quantity. This enables the variation in the air-fuel ratio among cylinders to be 
controlled more appropriately than when the fuel injection quantity is not corrected by the operation angle of the intake 
valve. 

[0122] More specifically, when a variation in the air-fuel ratio among the cylinders is detected in Step 501 and Step 
502, the fuel injection quantity correction coefficient for decreasing that variation is calculated in Step 503. Then in 
55 Step 504, a relationship LI between the fuel injection quantity connection coefficient and the operation angle of the 
intake vah^e is calculated based on that fuel injection quantity correction coefficient and the operation angle of the 
intake valve at that time. When the operation angle of the intake valve changes, the fuel Injection quantity connection 
coeff k;ient after the intake valve operation angle change is calculated based on the operation angle of the intake valve 
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after the change and that relationship LI . 

[01 23] Hereinafter an another embodiment of a control apparatus for an internal combustion engine according to the 
invention will be described. The configuration of this embodiment is substantially the same as that of the eighth em- 
bodiment described above. 

5 [0124] A routine according to the method for controlling to correct a target air-fuel ratio, according to the embodiment, 
is performed at predetemnined inten/als. As shown in Fig. 20, when this routine starts, it is first determined in Step 600 
whether a map, to be described later, has already been created. If the detenmination is "YES", the process proceeds 
to Step 604. If the detemii nation is "NO", the process proceeds to Step 501 . In Step 501 , the air-fuel ratio of each of 
the cylinders Nos. 1 through 4 in a constant state, such as when the engine is idling, is calculated based on a value 

10 output from the air-fuel ratio sensor 57, just as in the previous embodiment. 

[0125] Next In Step 502, it is detemnined whether there is variation in the air-fuel ratio among the cylinders, just as 
in the previous embodiment. When the variation in the air-fuel ratio among the cylinders is less a predetemnined value, 
the routine ends. When variation in the air-fuel ratio between the cylinders is equal to or greater than the predetermined 
value, the process proceeds to Step 601 . In Step 601 , a mean air-fuel ratio injection amount is calculated for all of the 

IS cylindersNos. 1 through 4. The mean air-fuel ratio injection amount for all of the cylinders Nos. 1 through 4 is calculated, 
for example, by adding up the air-fuel ratios for each of the cylinders Nos. 1 through 4 and dividing the sum by 4. Next 
in Step 602, a new target air-fuel ratio (hereinafter referred to as "corrected target air-fuel ratio") Is calculated based 
on the target air-fuel ratio which is based on the value output from the sensor 57 (hereinafter referred to as "sensor 
target air-fuel ratio") and, for example, a stoichiometric air-fuel ratio, and the mean air-fuel ratio calculated in Step 601 . 

^ That is, the sensor target air-fuel ratio is connected and the corrected target air-fuel ratio is calculated. 



Corrected target air-fuel ratio = Sensor target air-fuel ratio x Stoichiometric air-fuel 

ratio/Mean air-fuel ratio (1) 

[0126] When there is a fear of hunting from Expression (1) above, or when the accuracy of the mean air-fuel ratio 
calculated in Step 601 is low, the smoothed out corrected target air-fuel ratio can also be calculated, as shown in 
Expression (2). (In this case, the air-fuel ratios of all of the cylinders are calculated using the values of the smoothed 
30 out corrected target air-fuel ratios. The thus connected target air-fuel ratios of all of the cylinders are then repeatedly 
smoothed and re-corrected until they converge on a single corrected target air-fuel ratio for all of the cylinders. A target 
air-fuel ratio map is then created in Step 603 using this single corrected target air-fuel ratio. 

^ Corrected target air-fuel ratio = (Stoichiometric air-fuel ratio - mean air-fuel ratio) / k + 

sensor target air-fuel ratio (2); 



wherein k is a positive Integer. 

40 [0127] Next in Step 603, the target air-fuel ratio map showing the relationship between the corrected target air-fuel 
ratio and the operation angle of the intake valve 2 is created based on the connected target air-fuel ratio calculated in 
Step 602 and the operation angle of the intake valve 2 at that time. As shown in Fig. 21 , when a point P2 is calculated 
in Step 602, a curved line 12 showing the relationship between the con-ected target air-fuel ratio and the operation 
angle of the intake valve is calculated from that point P2. The target air-fuel ratio map is then created based on that 

45 curved line L2. According to a modification of the ninth embodiment of the invention, in Step 603 It is possible to 
calculate a relational expression that simplifies the curved line 12 instead of creating the map. Also according to another 
modification of the embodiment, it is possible to calculate not only the point P2 but also a point P2' in a step similar to 
Step 602, calculate a curved line similar to the curved line L2 based on the point P2 and the point P2\ and then create 
a fuel injection quantity correction coefficient map based on that curved line. 

50 [0128] In Step 604, feedback control for the air-fuel ratio is perfomned. That is, a fuel injection quantity for all of the 
cylinders Nos. 1 through 4 is unifomrity connected based on the connected target air-fuel ratio on the map created in 
Step 603. In other words, when the map shown in Fig. 21 has not been created such that the detemiination in Step 
600 is "NO", the corrected target air-fuel ratio for perfomning feedback control for the air-fuel ratio is calculated in Step 
602 and feedback control for the air-fuel ratio is perfomned in Step 604 based on the that corrected target air-fuel ratio. 

55 On the other hand, when the map shown in Fig. 21 has already been created such that the determination in Step 600 
is "YES", Step 602 is not performed even when the operation angle of the intake vah^e 2 has changed from the point 
at whk^h the map was created, such that the feedback control for the air-fuel ratio is perfomned In Step 604 based on 
the map that was already created. 
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[0129] According to the embodiment of the invention, the fuel injection quantity is calculated based on the following 
Equations (3) and (4). 

Fuel injection quantity = Basic injection quantity + Feedback correction quantity (3) 



Feedback con-ection quantity = a x f + b x g (4); 

10 wherein a and b denote gain, and f and g denote coefTicients of the connected target air-fuel ratio and the sensor target 
air-fuel ratio. 

[01 30] That is, when the corrected target air-fuel ratio shifts over to the lean side, for example, the feedback connection 
quantity is reduced such that the fuel Injection quantity Is corrected with a reduction. On the other hand, when the 
corrected target air-fuel ratio shifts over to the rich side, for example, the feedback con-ection quantity is increased 

IS such that the fuel injection quantity is corrected with an Increase. 

[0131] According to this embodiment of the Invention, therefore, the target air-fuel ratio is corrected based on the 
operation angle of the Intake valve 2, i.e., the corrected target air-fuel ratio is changed based on the operation angle 
of the intake valve 2. Alternatively, according to a modification of the embodiment (refer to Fig. 21), any one, or all, of 
the coeftlclents relating to the air-fuel ratio feedback control may be corrected by the operation angle of the intake 

20 valve 2. These coeffk^ients include the aforementioned conrected target air-fuel ratio, as well as the gain a and b, and 
the sensor target air-fuel ratio and the like. 

[0132] Alternatively, according to another modification of the ninth embodiment of the invention, the fuel injection 
quantity is calculated based on the following Equations (5) and (6). 

25 

Fuel injection quantity = Basic injection quantity + Increase correction quantity + Feedback 

correction quantity (5) 



Feedback correction quantity = Ax P + lAx I + (dA/dt) x D (6); 

wherein A denotes the difference between the corrected target air-fuel ratio and the sensor target air-fue! ratio, and P, 
I and D denote the gain increase correction quantity which includes a correction quantity for minimizing an increase 

35 in exhaust temperature and a con-ection quantity when the engine coolant temperature is low. 

[0133] According to a modification of the embodiment, it is possible to correct any one, or all, of the coeffk:lents 
relating to air-fuel ratio feedback control by the operation angle of the Intake valve 2. These coefficients Include the 
aforementioned corrected target air-fuel ratio, as well as the gains P, I and D, and the difference A between the corrected 
target air-fuel ratio and the sensor target air-fuel ratio and the like. 

40 [0134] According to the embodiment or the modification thereof, a predetermined coefficient relating to the air-fuel 
ratio feedback control is corrected, by the operation angle of the Intake valve 2. More specifically, the target air-fuel 
ratio is cateulated based on the operatbn angle of the intake valve 2, as shown In Fig. 21 . For example, In the event 
that the overall air-fuel ratio shifts over to the rich side as a result of the sensor target air-fuel ratio not being set 
appropriately due to the fact that the sensor 57 Is not sufficiently exposed to the gas, the connected target air-fuel ratio 

45 is calculated so as to shift the overall air-fuel ratio toward the lean side. 

[0135] Also according to the ninth embodiment or a modification thereof, when the actual operation angle of the 
Intake valve 2 is off from the target operation angle thereof, there is a tendency for the sensor target air-fuel ratio, whk:h 
is set based on a value output by the sensor 57, to be far off from the appropriate target air-fuel ratio the smaller the 
operation angle of the intake valve 2. In view of this fact, as is shown in Fig. 21 , for example, the con-ection amount 

50 for the target air-fuel ratio Increases, i.e., the difference between the corrected target air-fuel ratio and the stoichiometric 
air-fuel ratio increases, the smaller the operation angle of the intake valve 2. This enables the value of the target air- 
fuel ratio to be made more appropriate than when the target air-fuel ratio Is not corrected based on the operation angle 
of the intake valve 2. That is, the control apparatus is capable of executing appropriate air-fuel ratio feedback control 
even when the sensor 57 is not sufficiently exposed to the exhaust gas, i.e., even when the sensor target air-fuel ratio 

55 calculated from a value output by the sensor 57 is not an appropriate target air-fuel ratio. 

[0136] More specifically, when a variation in the air-fuel ratio between cylinders is detected in Steps 501 and 502, 
the control apparatus first catoulates a target air-fuel ratio (corrects it to an appropriate target air-fuel ratio) in Step 602, 
and then calculates the relationship L2 between the target air-fuel ratio and the operation angle of an intake valve 
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based on that target air-fuel ratio and the operation angle of the intake valve at that time in Step 603. The control 
apparatus then calculates, when the operation angle of the intake valve changes, the appropriate target air-fuel ratio 
after the intake valve operation angle change based on the operation angle of the Intake valve 2 after the change and 
that relationship L2. 

5 [01 37] Hereinafter an another embodinnent of a control apparatus for an internal conribustion engine according to the 
invention will be described. The configuration of this embodiment is substantially the same as those of the aforemen- 
tioned embodiments. Accordingly, this embodiment has substantially the same effects and advantages as those em- 
bodiments. 

[01 381 A routine according to a method for controlling to reduce variation among cylinders, according to the embod- 

10 iment is performed at predetermined intervals. As shown In Rg. 22. when this routine starts, the air-fuel ratio of each 
of the cylinders Nos. 1 through 4 when the engine Is in a constant state such as idling, for example, is first calculated 
in Step 501 based on the value output from the air-fuel ratio sensor 57. just as in the foregoing embodiments. Then in 
Step 502 it is determined whether there is a variation in the air-fuel ratio between the cylinders, just as in the other 
embodiments. If the determination is "YES-, the process proceeds to Step 503. If the variation in the air-fuel ratio 

15 between the cylinders is less than a predetermined value, then the routine ends. If the variation in the air-fuel ratio 
between cylinders is equal to or greater than the predetermined value, then the routine proceeds to Step 503. 
[0139] In Step 503, the fuel injection quantity con-ectlon coeffteient for each of the cylinders Nos. 1 through 4 is 
calculated based on the calculated air-fuel ratios of each of the cylinders Nos. 1 through 4. respectively, just as in the 
former embodiments. For example, when the actual air-fuel ratio varies on the rich side with respect to the target air- 

20 fuel ratio a fuel injection amount correction coefficient is cateulated which has a relatively small value so as to correct 
with a dei:rease the fuel injection amount. On the other hand, when the actual air-fuel ratio varies on the lean side with 
respect to the target air-fuel ratio, a fuel injection amount correction coefficient is caknilated whfch has a relatively large 
value so as to correct with an Increase the fuel injection amount. Next in Step 700. it is determined whether the fuel 
injection quantity correction coefficient calculated in Step 503 is within a predetermined value range. When the fuel 

25 Injection quantity correctton coefficient Is too small, the process proceeds to Step 701 . The routine also proceeds to 
Step 701 when the fuel injection quantity correction coefficient is too large. On the other hand, when the fuel injection 
quantity correction coefficient falls within the predetennined value range, the process proceeds to Step 500. 
[0140] In Step 500. it is determined whether a fuel injection quantity correction coefficient map has already been 
created. When the determination is "NO", the process proceeds to Step 504. When the detemnination is "YES", the 

30 process proceeds to Step 505. In Step 504, a fuel injection quantity correction coefficient map. which shows the rela- 
tionship between the fuel Injection quantity correction coefficient and the operation angle of the Intake valve 2, as 
shown in Fig. 19, is created based on the fuel injection amount quantity correction coeffteient cateulated in Step 503 
and the operation angle of the intake valve 2 at that time, just as In the fomier embodiments. In Step 505, the fuel 
injection quantity for each of the cylinders Nos. 1 through 4 is corrected. In other words, when the map shown in Fig. 

35 1 9 has not been created such that the determination in Step 500 is "NO", the fuel injection quantity is connected based 
on the fuel injection quantity correction coefficient calculated in Step 503. On the other hand, when the map shown in 
Fig. 1 9 has already been created such that the determination in Step 500 is -YES", the fuel Injection quantity is corrected 
based on the map that was already created. 

[0141] In Step 701 , the fuel injection quantity correction coefficient calculated in Step 503 is guarded by a predeter- 
40 mined upper limit and lower limit. Then in Step 600 it is detemnined whether a target air-fuel ratio map has already 
been created. Just as In the former embodiments. If the determination is "YES", the process proceeds to Step 604. If 
the determination Is "NO", then the process proceeds to Step 601. In Step 601, a mean air-fuel ratio for all of the 
cylinders Nos. 1 through 4 is calculated, just as in the former embodiments. Then in Step 602, a corrected target air- 
fuel ratio is calculated based on the sensor target air-fuel ratio and, for example, the stoichiometric air-fuel ratio, and 
45 the mean air-fuel ratio cateulated In Step 601 , just as In the fomier embodiment. Next, in Step 603, a target air-fuel 
ratio map whteh shows the relationship of the corrected target air-fuel ratio and the operation angle of the intake valve 
2, is created based on the corrected target air-fuel ratio calculated in Step 602 and the operation angle of the intake 
valve 2 at that time, just as in the ninth embodiment. 

[0142] In Step 604, air-fuel ratio feedback control is perfonried. just as in the ninth embodiment. Because the fuel 
50 injection quantity correction coefficient is guarded In Step 701 , as described above, the correction amount of the fuel 
injection quantity will not become very large. 

[0143] According to the aforementioned embodiment, the target air-fuel ratfo is corrected by the operation angle of 
the intake valve 2, i.e., the corrected target air-fuel ratio is changed by the operation angle of the intake vah^e 2. 
Alternatively, according to a modification of the embodiment (refer to Fig. 21 ). any one, or all. of the coeffteients relating 
55 to the air-fuel ratte feedback control may be connected by the operation angle of the intake valve 2, just as in the 
modification of the ninth embodiment. 

[01 44] Also according to another modification of the embodiment, the fuel Injection quantity Is cateulated based on 
the foregoing Expresstens (5) and (6). just as in the other modification of the embodiment. Moreover according to a 
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modrfication of the embodiment, any one, or all. of the coefficients relating to the air-fuel ratio feedback control can be 
calculated based on the operation angle of the intake valve 2, just as in the modif rcation of the ninth embodiment. 
[0145] The embodiment has substantially the same effects and advantages as the eighth and ninth embodiments. 
Moreover, according to the embodiment, in consideration of the possibility that a large torque variation may be gener- 

s ated If the conrectlon amount of the fuel injection quantity is large, when it Is detennined in Step 700 that the calculated 
correction amount of the fuel injection quantity is small, the control apparatus individually corrects the fuel injection 
quantity in each of the cylinders Nos. 1 through 4 in Step 505, thereby minimizing the variation in the air-fuel ratio 
among the cylinders. On the other hand, when it is determined in Step 700 that the calculated con-ection amount of 
the fuel injection quantity is large, the correction amount of the fuel injection quantity is guarded by a predetenmined 

10 value in Step 701 . A connected target air-fuel ratio Is then cak:ulated in Steps 602 and 603 and the fuel injection quantity 
of all of the cylinders Nos. 1 through 4 are unlfomnly connected by that corrected target air-fuel ratio in Step 604. That 
is, air-fuel ratio feedback control is perfonmed, such that torque variation is reduced while the air-fuel ratio is able to 
be appropriately controlled. 

[0146] The aforementioned eighth, ninth and tenth embodiments may be applied not only in the case in which the 
IS valve lift amount of the Intake vah/e 2 Is set as shown by the solid tine in Fig. 6, but also in the case in which the valve 
lift amount of the Intake vah^e 2 is set as shown by the chain line in Fig. 6, as well as in the case in which the closing 
timing of the intake valve 2 is retarded. 

[0147] According to the invention, by making the throttle valve opening amount in one cylinder when the exhaust 
gas air-fuel ratio of that cylinder is calculated and the throttle valve opening amount in another cylinder when the 

20 exhaust gas air-fuel ratio of that cylinder is calculated substantially the same, the intake air amount introduced into the 
one cylinder when the exhaust gas air-fuel ratio of that cylinder is calculated and the intake air amount introduced into 
the other cylinder when the exhaust gas air-fuel ratio of that cylinder is calculated are able to made the same. Further- 
more, while a variation in the air-fuel ratio among cylinders can be reduced just as in the control apparatus for a multi- 
cylinder internal combustion engine disclosed in Japanese Patent Application Laid-Open Publication No. 6-213044, a 

25 pulsation generated by a variation In torque among cylinders when there is a variation in fuel injection quantity among 
cylinders can be avoided. That is, a variation in air-fuel ratio among cylinders as well as a variation in torque among 
cylinders can be reduced. 

[0148] According to an aspect of the invention, a variation in the intake air amount among cylinders can be reduced 
without generating a variation in torque among cylinders even if there is a variation in the fuel injection quantity between 
30 cylinders. 

[0149] According to another aspect of the invention, a variation in the intake air amount between cylinders can be 
minimized without generating a variation in torque between cylinders even if there is a variation in the fuel injection 
quantity between cylinders. 

[0150] According to another aspect of the invention, a variation in the operation angle of the intake valve among 
35 cylinders can be reduced without generating a variation in torque among cylinders even if there is a variation in the 
fuel injection quantity among cylinders. 

[0151] According to another aspect of the invention, by using a neural networic, a variation among cylinders can be 
reduced more effectively than without using a neural network. 

[0152] According to another aspect of the invention, a variation in the air-fuel ratio between cylinders is able to be 
40 controlled more appropriately than with the control apparatus for a multi-cylinder internal combustion engine disclosed 
in Japanese Patent Application Laid-Open Publication No. 6-21 3044, in whk:h a variation between cylinders is not able 
to be minimized based on the amount of vah^e overiap of the intake vahfe and the exhaust vah^e, when the amount of 
valve overiap of the intake valve and the exhaust valve is able to be changed. In other words, it is possible to appro- 
priately control the variation in the air-fuel ratio among the cylinders. 
45 [0153] According to another aspect of the invention, a variation in the air-fuel ratio among cylinders can be controlled 
more appropriately than with the control apparatus for a multi-cylinder intemal combustion engine disclosed in Japa- 
nese Patent Application Laid-Open Publication No. 6-213044, in which a variation among cylinders cannot be reduced 
based on the operation angle of the intake vahfe, when the operation angle of the intake valve can be changed. In 
other words, it is possible to appropriately control the variation in the air-fuel ratio among the cylinders. 
50 [0154] According to another aspect of the invention, a variation in the air-fuel ration between cylinders is able to be 
controlled more appropriately than when the fuel injection quantity is not able to be corrected based on the operation 
angle of the intake valve. v 

[01 55] According to another aspect of the invention, a value of the target air-fuel ratio can be set to a more appropriate 
value than when the target air-fuel ratio is not able to be corrected by the operation angle of the intake valve. That is, 
55 the control apparatus is capable of executing appropriate air-fuel ratio feedback control even when a sensor is not 
suffbiently exposed to the exhaust gas, i.e., even when a target air-fuel ratio cabulated from a value output by a sensor 
is not an appropriate target air-fuel ratio. 

[01 56] According to another aspect of the invention, a variation in air-fuel ratio among cylinders as well as a variation 
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in torque among cylinders can be mininnized. 

[01 57] While the invention has been described with reference to prefen-ed embodiments thereof, it is to be understood 
that the invention is not limited to the preferred embodiments or constmctions. To the contrary, the invention is Intended 
to cover various modifications and equivalent arrangements. In addition, while the various elements of the prefen-ed 

5 embodiments are shown in various combinations and configurations, which are exemplary, other combinations and 
configurations, including more, less or only a single element, are also within the spirit and scope of the invention. 
[0158] A control apparatus calculates a exhaust gas air-fuel ratio of a plurality of cylinders, in which the operation 
angle of an intake valve (2) is set to a predetemnined operation angle, e.g., a maximum operation angle, based on a 
value output from an air-fuel ratio sensor so as to minimize a variation in an fuel injection quantity between the plurality 

10 of cylinders by that exhaust gas air-fuel ratio. That is, the exhaust gas air-fuel ratio of the plurality of cylinders, In which 
the valve opening characteristics of the intake valve (2) and an exhaust valve (3) are set such that the intake air amount 
to be Introduced into the plurality of cylinders is limited by the opening amount of a throttle vah^e (56), for example, 
and not limited by the valve opening characteristics of the intake valve (2) or the exhaust valve (3) is calculated, and 
the variation In the fuel injection quantity among the plurality of cylinders is then reduced by that exhaust gas air-fuel 

IS ratio. Then» the variation in vahfe opening characteristk:s among the cylinders is reduced. 



Clalnis 

20 1 . A control apparatus for a multi-cylinder intemal combustion engine (1 ) including a plurality of cylinders, the control 
apparatus comprising a controller that: 

calculates an exhaust gas air-fuel ratio of a cylinder when valve opening characteristics of an intake valve (2) 
and an exhaust valve (3) of each of the cylinders of the Internal combustion engine are set such that an amount 
25 of an intake air introduced into the cylinder is not limited by the valve opening characteristics; and 

reduces a variation in a fuel injection quantity among the plurality of cylinders on the basis of the calculated 
exhaust gas air-fuel ratio of each of the cylinders. 

2. A control apparatus according to claim 1 , wherein the controller calculates the exhaust gas air-fuel ratio of each 
30 of the cylinders when the valve opening characteristics of the intake valve (2) and the exhaust valve (3) of each 

cylinder are set such that the amount of the intake air introduced into each cylinder of the intemal combustion 
engine is limited by a throttle valve opening amount. 

3. A control apparatus according to claims 1 , wherein the controller: 

calculates the exhaust gas air-fuel ratio of the cylinder when the valve opening characteristics of the intake 
valve (2) and the exhaust valve (3) are set such that the amount of the intake air introduced into the cylinder 
is limited by the valve opening characteristics after reducing the variation in the fuel Injection quantity among 
the plurality of cylinders; and 

reduces a variation in the valve opening characteristics of the Intake valve and the exhaust valve among the 
plurality of cylinders on the basis of the catoulated exhaust gas air-fuel ratio of the cylinder. 

4. A control apparatus according to claim 3, wherein the controller calculates the exhaust gas air-fuel ratio of the 
cylinder when the valve opening characteristics of the intake valve (2) and the exhaust valve (3) are set such that 

45 the amount of the Intake air introduced into the cylinder is not limited by a throttle valve opening amount, but is 

limited by the valve opening characteristics of the intake valve and the exhaust valve after reducing the variation 
in the fuel injection quantity among the plurality of cylinders. 

5. A control apparatus according to claim 1 , wherein a neural network is used to reduce the variation among the 
50 plurality of cylinders. 

6. A control apparatus for a multi-cylinder Intemal combustion engine (1 ) including a plurality of cylinders, the control 
apparatus comprising a controller that: 

55 calculates an exhaust gas air-fuel ratio of each of the cylinders when an operation angle of an intake valve 

(2) of each cylinder of the intemal combustion engine is set to a predetemnined angle; and 
reduces a variation in a fuel injection quantity among the plurality of cylinders on the basis of the calculated 
exhaust gas air-fuel ratio of each of the cylinders. 
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7. A control apparatus according to claim 6, wherein the controller calculates the exhaust gas air-fuel ratio of each 
of the cylinders when the operation angle of the intake valve (2) Is set such that an amount of intake air Introduced 
into a cylinder of the internal combustion engine is not limited by the operation angle of the Intake valve (2). 

5 8. A control apparatus according to claim 7, wherein the controller calculates the exhaust gas air-fuel ratio of each 
of the cylinders when the amount of the intake air introduced into each cylinder of the tntemal combustion engine 
(1 ) is not limited by the operation angle of the intake valve (2), but Is limited by a throttle vah/e opening amount. 

9. A control apparatus according to claim 6. wherein the controller calculates the exhaust gas air-fuel ratio of each 
10 of the cylinders when the operation angle of the intake valve (2) is set to a maximum operation angle. 

10. A control apparatus according to claims 6, wherein the controller: 

calculates the exhaust gas air-fuel ratio of each of the cylinders when valve opening characteristics of the 
15 Intake valve (2) and an exhaust vah^e are set such that an amount of intake air introduced into each of the 

cylinders is limited by the valve opening characteristics after reducing the variation in the fuel injection quantity 
among the plurality of cylinders; and 

reduces a variation in the valve opening characteristics of the intake valve (2) and the exhaust valve among 
the plurality of cylinders on the basis of the cateulated exhaust gas air-fuel ratio of each of the cylinders. 

20 

11. A control apparatus according to claim 6, wherein the controller: 

calculates the exhaust gas air-fuel ratio of each of the cylinders when the operation angle of the intake valve 
(2) is set to an operation angle that is smaller than the predetenmined angle after reducing the variation in the 
25 fuel Injectton quantity among the plurality of cylinders; and 

reduces a variation in the amount of the intake air among the plurality of cylinders on the basis of the calculated 
exhaust gas air-fuel ratio of each of the cylinders. 

12. A control apparatus according to claim 6, wherein the controller: 

30 

calculates the exhaust gas air-fuel ratio of each of the cylinders when the operation angle of the intake valve 
(2) is set to an operation angle that is smaller than the predetermined angle after reducing the variation in the 
fuel injection quantity among the plurality of cylinders; and 

reduces a variation in the operation angle of the intake valve (2) among the cylinders on the basis of the 
35 calculated exhaust gas air-fuel ratio of each of the cylinders. 

1 3. A control apparatus for a multi-cylinder Intemal combustion engine (1 ), the control apparatus comprising a controller 
that: 

calculates an exhaust gas air-fuel ratio of each of the cylinders when a valve overiap amount of an intake 
valve (2) and an exhaust valve (3) of each of the cylinders of the internal combustion engine (1) is set to a 
predetennined amount; and 

reduces a variation in a fuel injection quantity among the plurality of cylinders on the basis of the calculated 
exhaust gas air-fuel ratio of each of the cylinders. 

A control apparatus according to claim 13, wherein the controller cateulates the exhaust gas air-fuel ratio of each 
of the cylinders when the valve overiap amount of the intake valve (2) and the exhaust valve (3) is set such that 
an amount of the intake air introduced Into each of the cylinders is not limited by the valve overlap amount. 

50 15. A control apparatus according to claim 1 4, wherein the controller calculates the exhaust gas air-fuel ratio of each 
of the cylinders when the valve overlap amount of the intake valve (2) and the exhaust valve (3) is set such that 
the amount of the intake air introduced into each of the cylinders Is not limited by the valve overiap amount, but Is 
limited by a throttle valve opening amount. 

55 16. A control apparatus according to claim 1 3, wherein the controller calculates the exhaust gas air-fuel ratio of each 
of the cylinders when the valve overiap amount of the intake valve (2) and the exhaust valve (3) is set to a minimum 
amount. 



40 
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17. A control apparatus for a multi-cyiinder internal combustion engine (1 ) including a plurality of cylinders, the control 
apparatus comprising a controller that reduces a variation among the plurality of cylinders on the basis of a valve 
overlap amount of an intake valve (2) and an exhaust valve (3) of each of the cylinders. 

5 18. A control apparatus according to claim 17, wherein the controller reduces a variation in a fuel Injection quantity 
among the plurality of cylinders on the basis of the valve overlap amount of the intake valve (2) and the exhaust 
valve (3) of each of the cylinders. 

1 9. A control apparatus for a multi-cylinder intemal combustion engine (1 ) including a plurality of cylinders, the control 
10 apparatus comprising a controller that reduces a variation among the plurality of cylinders on the basis of an 

operation angle of an Intake valve (2) of each of the cylinders. 

20. A control apparatus according to claim 1 9, wherein the controller reduces a variation in an air-fuel ratio among the 
plurality of cylinders on the basis of the operation angle of the intake valve (2) of each of the cylinders. 

15 

21. A control apparatus according to claim 20, wherein the controller reduces a variation in the air-fuel ratio among 
the plurality of cylinders by correcting a fuel injection quantity on the basis of the operation angle of the intake 
vah^e (2). 

20 22. A control apparatus according to claim 21 , wherein an amount of connection of the fuel injection quantity is increased 
as the operation angle of the Intake vah^e (2) Is decreased. 

23. A control apparatus according to claim 21 , wherein the controller: 

25 calculates a fuel Injection quantity correction coefficient for reducing the variation In the air-fuel ratio when the 

variation in the air-fuel ratio among the cylinders is detected; 

calculates a relationship between the calculated fuel injection quantity connection coeffteient and the operation 
angle of the intake valve (2) obtained upon calculation of the fuel injection quantity correction coefffcient; and 
updates the fuel injection quantity con-ection coeffk^ient when the operation angle of the intake valve (2) is 
30 changed on the basis of the changed operation angle and the calculated relationship. 

24. A control apparatus according to claim 23, wherein the fuel injection quantity correction coeff teient changes relative 
to the operation angle of the intake vah^e (2) such that an amount of connection of the fuel injection quantity is 
increased as the operation angle is decreased. 

35 

25. A control apparatus for a multi-cylinder intemal combustion engine including a plurality of cylinders, the control 
apparatus comprising a controller that corrects a coefftoient for an air-fuel ratio feedback control to a predetemnlned 
coeffrcient on the basis of an operation angle of an intake valve (2) of each of the cylinders wherein a number of 
sensors provided in the intemal combustion engine (1) for detecting an air-fuel ratio or an oxygen concentration 

40 Is smaller than a number of the cylinders of the intemal combustion engine (1 ). 

26. A control apparatus according to claim 25, wherein the coefficient for the air-fuel ratio feedback control is corrected 
to the predetemiined coeffteient such that a target air-fuel ratio is Increased as ttie operation angle of the intake 
valve (2) Is decreased. 

45 

27. A control apparatus according to claim 25, wherein the controller: 

calculates a target air-fuel ratio when a variation in the air-fuel ratio among the plurality of cylinders is detected; 
calculates a relationship between the target air-fuel ratio and the operation angle of the intake valve on the 
so basis of the calculated target air-fuel ratio and the operation angle of the intake vah^e (2) obtained upon de- 

tection of the variation in the air-fuel ratio; and 

updates the target air-fuel ratio when the operation angle of the intake valve (2) is changed on the basis of 
the changed operation angle of tiie intake valve (2) and the calculated relationship between the target air-fuel 
ratio and the operation angle of the intake valve (2) of the cylinder. 

55 

28. A control apparatus according to claim 25, wherein the controller: 

reduces a variation in the air-fuel ratio among the cylinders by conrecting a fuel injection quantity of each of 
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the cylinders independently when an amount of correction of the calculated fuel injection quantity Is smaller 
than a predetemiined value; and 

guards the amount for correcting the calculated fuel injection quantity, connects the target air-fuel ratio, and 
uniformly corrects the fuel injection quantity of all the cylinders on the basis of the connected target air-fuel 
ratio when an amount of correction of the calculated fuel Injection quantity Is larger than the predetermined 
value. 

29 A control apparatus for a multi-cylinder internal combustion engine including a plurality of cylinders, the control 
apparatus comprising a controller that corrects a target air-fuel ratio on the basis of an operation angle of an intake 
valve (2) of each of the cylinders wherein a number of sensors provided in the internal combustion engine (1 ) for 
detecting an air-fuel ratio or an oxygen concentration is smaller than a number of the cylinders of the internal 
combustion engine (1). 

30. A control apparatus according to claim 29, wherein the target air-fuel ratio is corrected such that an amount for 
correcting the target air-fuel ratio is increased as the operation angle of the Intake vahre (2) is decreased. 

31 . A method of controlling a multi-cylinder internal combustion engine (1 ) Including a plurality of cylinders, comprising 
the steps of: 

calculating an exhaust gas air-fuel ratio of a cylinder when valve opening characteristics of an intake valve (2) 
and an exhaust valve (3) of each of the cylinders of the internal combustion engine (1) are set such that an 
amount of an intake air introduced into the cylinder is not limited by the vah/e opening characteristics; and 
reducing a variation in a fuel injection quantity among the plurality of cylinders on the basis of the calculated 
exhaust gas air-fuel ratio of each of the cylinders. 

32. A method of controlling a multi-cylinder intemal combustion engine (1 ) including a plurality of cylinders, comprising 
the steps of: 

calculating an exhaust gas air-fuel ratio of each of the cylinders when an operation angle of an Intake valve 
(2) of each of the cylinders of the intemal combustion engine (1) is set to a predetermined angle; and 
reducing a variation in a fuel injection quantity among the plurality of cylinders on the basis of the calculated 
exhaust gas air-fuel ratio of each of the cylinders. 

33. A method of controlling a multi-cylinder intemal combustion engine (1 ) including a plurality of cylinders, comprising 
the steps of: 

calculating an exhaust gas air-fuel ratio of each of the cylinders when a valve overtap amount of an Intake 
valve (2) and an exhaust valve (3) of each of the cylinders of the Intemal combustion engine Is set to a pre- 
determined amount; and . , . i i ♦ ^ 
reducing a variation in a fuel injection quantity among the plurality of cylinders on the basis of the calculated 
exhaust gas air-fuel ratio of each of the cylinders. 

34 A method of controlling a multi-cylinder intemal combustion engine (1 ) including a plurality of cylinders, comprising 
reducing a variation among the plurality of cylinders on the basis of a valve overiap amount of an Intake valve (2) 
and an exhaust valve (3) of each of the plurality of cylinders. 

35. A method of controlling a multi-cylinder intemal combustion engine (1 ) including a plurality of cylinders, comprising 
reducing a variation among the plurality of cylinders on the basis of an operation angle of an intake valve (2) of 
each of the plurality of cylinders. 

36 A method of controlling a multi-cylinder intemal combustion engine (1 ) including a plurality of cylinders, comprising 
correcting a coefffcient for an air-fuel ratio feedback control to a predetemiined coefficient on the basis of an 
operation angle of an intake valve (2) of each of the cylinders, in which a number of sensors provided in the intemal 
combustion engine for detecting an air-fuel ratio or an oxygen concentration is smaller than a number of the cyl- 
inders of the intemal combustion engine (1). 

37. A method of controlling a multi-cylinder Intemal combustion engine (1 ) Including a plurality of cylinders, comprising 
correcting a target air-fuel ratio on the basis of an operation angle of an intake valve (2) of each of the cylinders, 
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in which a number of sensors provided in the Internal combustion englnefordetectlngan air-fuel ratio or an oxygen 
:;:,:^ent.^tionTsmaller than a number of each of the cylinders of the internal combust.on engine (1). 
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FIG. 3 
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FIG. 4 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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FIG. 16 
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ABSTRACT : 

CHG DATE=2 002 0903 STATUS=0> A control apparatus calculates a 

exhaust gas 

air- fuel ratio of a plurality of cylinders, in which the operation 
angle of an 

intake valve (2) is set to a predetermined operation angle, e.g., a 

maximum 

operation angle, based on a value output from an air- fuel ratio 
sensor so as to 

minimize a variation in an fuel in j action quantity between the 

plurality of 

cylinders by that exhaust gas air- fuel ratio . That is, the exhaust 
gas 

air-fuel ratio of the plurality of cylinders, in which the valve 
opening 

characteristics of the intake valve (2) and an exhaust valve (3) are 
set such 

that the intake air amount to be introduced into the plurality of 

cylinders is 

limited by the opening amount of a throttle valve (56) , for example, 
and not 

limited by the valve opening characteristics of the intake valve (2) 
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or the 

exhaust valve (3) is calculated, and the variation in the fuel 
injection 

quantity among the plurality of cylinders is then reduced by that 
exhaust gas 

air- fuel ratio . Then, the variation in valve opening characteristics 
among the 

cylinders is reduced. <IMAGE> 
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Abstract Text - FPAR (1) : 

CHG DATE=2 002 0903 STATUS=0> A control apparatus calculates a 
exhaust gas 

air- fuel ratio of a plurality of cylinders, in which the operation 
angle of an 

intake valve (2) is set to a predetermined operation angle, e.g., a 
maximum 

operation angle, based on a value output from an air- fuel ratio 
sensor so as to 

minimize a variation in an fuel injection quantity between the 
plurality of 

cylinders by that exhaust gas air- fuel ratio . That is, the exhaust 
gas 

air- fuel ratio of the plurality of cylinders, in which the valve 
opening 

characteristics of the intake valve (2) and an exhaust valve (3) are 
set such 

that the intake air amount to be introduced into the plurality of 
cylinders is 

limited by the opening amount of a throttle valve (56) , for example, 
and not 

limited by the valve opening characteristics of the intake valve (2) 
or the 

exhaust valve (3) is calculated, and the variation in the fuel 
injection 

quantity among the plurality of cylinders is then reduced by that 
exhaust gas 

air- fuel ratio . Then, the variation in valve opening characteristics 
among the 

cylinders is reduced. <IMAGE> 
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